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ON-SITE GENERATION 





Volume I of the Energy Conserva- 
tion/Managewent program planning mate- 
rials deals with the effective use of 
energy sources available at sites of 
the Fish and Wildlife Service (FWS). 
This volume discusses the veneral 
nature of on-site energy s. rces, and 
outlines a procedure for assessing 
opportunities for on-site generation 
of energy at FWS sites. The sources 
discussed briefly here in this intro- 
ductory section and then in depth in 
subsequent chapters are: 


Wind 

Hydro 

Solar Thermal 
Biomass 
Cogeneration 
Photovoltaics 


A section on storage and grid integra- 
tion for on-site electrical production 
is also presented. 

The materials in this volume are 
intended to provide important back- 
ground information on each of the 
energy sources discussed so that a 
general assessment of opportunities 
for on-site generation can be per- 
formed. While energy conservation 
offers the greatest potential for 
immediate, short-term reduction of 
energy use and costs, scarcity and 
high cost of fossil and nuclear fuels 
over the longer term will call for a 
swift move to renewable energy 
sources, wherever they can be imple- 
mented cost-effectively. 

Since these materials do not 
provide all the technical and cost 
information required for an engi- 
neering assessment of a particular 
technology, valuable sources of such 
information are referenced for those 
who require them. Sufficient infor- 
mation is provided in most of the 
following sections for a pre- 
feasibility study -- an inventory of 
environmental conditions, production 
potential, and economics that will 





give you enough information to either 
eliminate or pursue applications at 
their sites. For full feasibility 
assessments, expert technical assis- 
tance is suggested. Many such appli- 
cations will qualify as Special Demon- 
stration Projects under the criteria 
established by the Department of 
Interior. They may also be eligible 
for funding under special grant pro- 
grams established by the Department of 
Energy and cther Federal agencies. 

Keplacing use of conventional 
fuels with renewable sources of energy 
is an objective of great national 
importance. 


On-site is a term which describes 
a set of technologies for converting 
natural energy flow to useful forms 
near where they will be used. Natural 
energy flows are precipitated by the 
sun and are manifest in winds, falling 
waters, and growing things, as well 
as in direct radiation. The ease wich 
which these energies can be tapped 
varies by technology and specific 
site. In some cases the energy can 
be captured directly (as in solar hot 
water heating), but in wind and hydro- 
electrical enersy generation, turbines 
and other highly deveioped technolo- 
gies must be emsloyed. 

On-site generation can be 
included as part of an energy conser- 
vation plan because it reduces demand 
for traditional and scarce fuels. 
However, before any on-site technolo- 
ges are employed to displace conven- 
tional fuels or to meet the energy 
needs of new facilities, you should 
identify all the ways that existing 
energy systems can be improved. The 
most abundant and least expensive 
energy source in the U.S. today is 
energy saved through conservation. 
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THE GENERAL NATURE OF 
ON-SITE ENERGY SOURCES 


Decisions regarding on-site gen- 
eration sources will require that you 
have some knowledge of the general 
characteristics of each source. It is 
important to remember that no one 
renewable energy source by itself can 
be considered a replacement for petro- 
leum. Unrealistic expectations serve 
only to hinder the widespread use of 
solar, wind, hydro, wood and other 
renewable energy technologies. The 
technologies do work well together, 
however, and used together, they may 
well ultimately displace petroleum 
use. They also work well in combina- 
tion with existing fuel technologies 
such as central power production, 
electric and oil heating, and all hot 
water heaters. The complementarity of 
on-site energy technologies with con- 
ventional systems could allow a smooth 
transition to an economy based on 
renewable energy production. 

Secondly, although on-site energy 
technologies are more expensive ini- 
tially than conventional systems, they 
are less expensive to operate because 
their fuel is, for the must part, 
free. Since a large proportion of the 
total cost (including operation) of 
conventional systems is the cost of 
fuel, cost comparisons of energy sys- 
tems should be based on lifecycle 
costs. Fuel costs are increasing 
rapidly and are likely to continue to 
increase. 

Thiru, on-site energy technolo- 
gies share unique characteristics that 
you must consider in planning. Their 
value transcends traditional cost/ 
benefit analyses and requires a review 
of your facility's role in public 
education. In most cases these tech- 
nologies are refined, and the systems 
are commercially available, but their 
potential users have usual)y not had 
an opportunity to see the systems 





working. Having demonstration energy 
systems at your facility will accom~ 
plish the following: 


1. It will meet part of your 
energy demand. 


2. It will allow visitors te 
become familiar and more 
comfortable with renewable 
energy sources. 


3. It will stimulate the market 
and help reduce the higher 
first cost of renewable energy 
systems for others. 


One final incentive for imple- 
menting on-site energy generation 
technologies is rapidly increasing 
government support of their use. This 
support includes grants for specific 
applications, local tax exemptions, 
and Federal income tax credits. 
Because of this support, the cost to 
consumers is decreasing steadily. No 
investment in the proposed systems 
should be made without careful review 
of government incentives and assis- 
tance that may be applicable to your 
site and situation. 


ADVANTAGES /DISADVANTAGES 


On-site energy sources have 
several common advantages and dis- 
advantazes that you should be aware 
of. Their advantages include reduced 
threat to the environment, growth of 
employment, and the improved national 
economic situation that would result 
from reduced petroleum consumption, 
Such energy sources as direct solar 
and wind are virtually pollution-free 
and proven safe. They produce little 
or no air-polluting by-products com- 
pared to conventional oil and natural 
gas systems, and no long-term solid or 
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gas systems, and no long-term solid or 
liquid toxins, unlike nuclear fission 
processes. 

Preliminary investigation sug- 
gests that an economy based on renew- 
able energy technologies would provide 
many more jobs than the current cen- 
tralized petroleum economy. Reduced 
or displaced demand for imported 
fossil fuels would enhance the U.S. 
position in international relations, 
improve the balance of payments, and 
improve our image as an energy con- 
suming nation. 

Disadvantages include low-level 
environmental impacts. No one knows 
whether millions of windmills would 
change weather patterns. If there 
were numerous windmills, air circula- 
tion could be decreased over large 
portions of the land, perhaps affect- 
ing rainfall and air pollution levels. 
Certainly, even small-scale hydroelec- 
tric systems have negative environmen- 
tal impacts. Building and installa- 
tion costs and the intermittent nature 
of most of the sources are problems 
which must be addressed. 

Solar collectors and wind ma- 
chines must be installed with regard 
for aesthetic appearance, since new 
building design and retrofitted energy 
devices can clash dramatically with 
conventional buildings. The purity of 
appearance of a building or group of 
buildings being preserved for histor- 
ical reasons might be diminished by 
the addition of solar collectors or 
wind towers. Zoning and building 
codes which are written without regard 
for widespread use of on-site energy 
systems may not deal directly with the 
potential energy system installation 
problems you will encounter. 


END-USE MANAGEMENT 


End-use management involves 
understanding the final, or end uses 





of energy, and then filling needs with 
the most appropriate forms of energy 
and conversion technology. Energy 
expert Amory Lovins pointed out the 
necessity for end-use management when 
he said that burning oil in central 
power stations at more than 1000 F in 
order to provide 70 F heat in a house 
is like “cutting butter with a chain 
saw."" Use of solar thermal systems 
for heating domestic hot water, for 
instance, helps to preserve fuels for 
important high-intensity uses where 
they are irreplaceable. On-site 
energy technologies allow more appro- 
priate matching of sources with end 
uses, and also reduce the losses of 
useful energy that result from trans- 
mission and transportation of energy 
over long distances. 


ECONOMICS OF ON-SITE 
ENERGY GENERATION 


Economics is a critical consider- 
ation in planning for on-site genera- 
tion of energy. Unlike those of 
fossil fuel and nuclear-based systems, 
the costs of renewable energy systems 
are getting lower instead of higher, 
and there is no lack of fuel supplies 
for the renewable energy systems. 

When considering the economics of 
energy systems, you must consider 
several factors: 


1. First cost of installation is 
only one factor in making your 
decision. As previously sug- 
gested, you may want to in- 
stall an on-site energy system 
for educational purposes. 


2. If you install and use a 
hydroelectric system, and are 
comparing the economics of 
nonsubsidized hydro technology 
to the subsidized economics of 
existing fossil and nuclear 
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fuel technologies, you are 
considering only part of the 
total economic story. The 
fact is that government sub- 
Sidies to central plant 
electric generation tech- 
nologies account for much 
more of overall investment 
than those made by private 
industry. 


3. The economics of renewable 
energy technologies for any 
given site varies with the 
specific use of the source and 
local energy costs. 


4. Economics change over time. 
At a 14% annual increase ir 
the cost of fossil and nuclear 
fuels, the value of investment 
in alternatives such as hydro 
will improve over time; how- 
ever, there is no totally 
accurate way to establish the 
amortized costs of renewable 
energy systems without talking 
to manufacturers. 


PRELIMINARY ASSESSMENTS 


Now you are somewhat familiar 
with the nature of on-site energy 
sources, and of their disadvantages 
and advantages. Next, you need a more 
detailed introduction to the different 
technologies in order to make pre- 
liminary assessments at your site. 
Because the economics and availability 
of the hardware for on-site energy 
sources vary considerably, some gen- 
eral concepts may make the planning 
process easier. 

Even though every one of the 
systems discussed in these pages is 
available and in widespread use some- 
where in the world, some are clearly 
easier to buy, use, and maintain in 





current U.S. commercial market condi- 
tions. In terms of economics, for 
example, the payback on investment in 
on-site energy systems ranges from the 
shortest to the longest, generally as 
follows: 


@ Conservation and passive solar 
technologies 


@ Wood heating systems 

e Solar hot water systems 

@ Hydroelectric systems 

@ Wind electric systems 

@ Active solar heat systems 


@ Bioconversion, photovoltaics, 
cogeneration, others. 


This ranking may serve you as a rough 
guide when you begin to examine your 
site for potential on-site applica- 
tions. 

General economic ranking, how- 
ever, does not deal with needs for 
education, environmental quality, or 
increased energy self-sufficiency. In 
addition, the ranking presumes many 
things, such as the availability of 
wood for wood heating systems, and the 
lack of availability of large masses 
of organic material for methane gener- 
ation. On a farm where there are 
significant animal wastes and no 
forests, the payback on bioconversion 
might well be shorter than that for 
wood heating systems. Therefore, the 
decision to pursue any or all of these 
energy sources is, ultimately, a site- 
specific one. 

The summaries are intended to 
provide a general introduction to each 
technology. More specific information 
on each source is provided in the core 
materials that accompany this section 
of the Planning Guide. 
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Harnessing on-site wind energy 
is the process of tapping the vast 
power of the wind either to do mechan- 
ical work or to generate electricity. 
The energy of air rising from dense to 
less dense conditions has been recog- 
nized and effectively captured for 
hundreds of purposes. The primary 
wind energy technology in the 20th 
century is electrical generation. 
Once the average wind speeds at a 
particular site have been identified, 
appropriate and available wind 
turbines with predictable output may 
be installed. 

Much of the innovation in wind 
electric technologies has taken place 
outside the U.S. during the past 
60 years because of our greater 
interest in larger, centralized power 
systems. As a result, wind electric 
technologies are not as familiar as 
some other on-site systems, such as 
solar hot water systems. Recently, 
however, a full range of wind 
machines, towers, and other hardware 
have become available in the U.S. In 
some cases long lead times may be 
expected for delivery of hardware. 
The machines have been used for vary- 
ing lengths of time, and some are 
currently being tested for durability 
and efficiency by government agencies 
and private companies. For educa- 
tional purposes, simple windmills are 
available that can be used as working 
models of energy concepts. 

Reliable technical consultation 
is harder to find for installation of 
wind systems than for solar systems. 
There are fewer experts specializing 
in wind, but the organizations of wind 
energy professionals are excellent 
sources of information. There may 
also be minor legal, insurance, 
safety, and storage problems asso- 
ciated with wind electric conversion 
systems (WECS). However, the 





recognized potential for power from 
the wind, the positive economics, and 
the benign environmental impacts of 
wind systems make wind one of the 
most highly favored of the on-site 
technologies. 


Hydro 


Falling water has immense energy, 
hydropower, long used by mankind to do 
work. The power of moving water lies 
in its momentum and the distance it 
drops: the higher the drop, the 
greater the available energy. Hydro- 
power sites already exist by the thou- 
sands in the U.S., where waterwheels 
once powered milling stones or saws 
and textile machinery. The technology 
has progressed from using large, cum- 
bersome wheels to turn machinery to 
using modern, stréamlined water tur- 
bines designed for the smallest water- 
fall or the largest man-made dam site. 

There have been significant 
developments in small and standard- 
sized hydroelectric systems in recent 
years, although -- as with «ind elec- 
tric technologies -- hydroelectric 
systems are not as familiar to 
Americans as solar hot water systems. 
Several U.S. manufacturers offer small 
hydro turbines, although lead times 
for delivery may be a problem. At 
some sites, small-scale hydropower is 
competitive with electricity generated 
at central station power plants and 
provided by the local utility. As 
with wind electric systems, few 
experts have specialized in smali- 
scale hydro systems, so that reliable 
technical consultation may be hard to 
find. However, guidance for planning 
and construction of hydroelectric 
systems may be obtained from public 
and private institutions and from the 
rapidly growing literature on the 
subject. 
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Solar Thermal 


As used here, the term solar 
energy refers to technologies for the 
direct use of the sun's rays rather 
than those that indirectly use energy 
from the sun, such as wind, hydro or 
fossil fuel power. Solar energy 
processes capture the sun's radiation 
and retain heat for all thermal pro- 
cesses, although principal uses are 
for domestic hot water and the space 
heating of buildings. Although those 
with less sunshine often have higher 
conventional fuel costs, every site 
has some sunshine. This makes solar 
hot water systems economically com- 
petitive with conventional systems in 
many U.S. locations. Active solar 
heating and cooling systems are good 
investments for existing structures in 
very specific circumstances. 

The temperatures required for 
domestic and commercial hot water uses 
and for space heating are easily 
reached with solar flat plate collec- 
tors. Steam and other high-tempera- 
ture industrial needs can be met by 
using focusing collectors. Besides 
the collectors, critical elements of 
solar systems include provisions for 
storage capacity such as hot water 
tanks, automatic controls and the 
plumbing and heating supplies familiar 
to all licensed contractors. To guar- 
antee 100% availability of hot water, 
most solar systems are installed so as 
to be compatible with a conventional 
heating system, which can be used for 
backup. Inexpensive solar hot water 
heaters for use during the warm months 
of the year are simple to construct 
and can be both effective and 
educational. 

Passive use of the sun's energy 
in buildings generally requires the 
advice of an architect. Applications 
are quite site-specific, but for 
little cost, they can contribute major 
fuel savings. Passive solar ovens or 





simple greenhouses are also inexpen- 
sive means of illustrating the prin- 
ciples of direct use of solar energy. 
The solar industry is growing rapidly 
in the U.S., so that solar hardware 
and literature are readily available. 
Information on performance, costs, 
Sizing, and paybacks can be obtained 
from solar firms listed in the Yellow 
Pages of the telephone book. There is 
now little or no lead time required 
for delivery of solar equipment. 
Financial incentives are available 
from Federal, State and local agen- 
cies. Many of the commercially avail- 
able systems have been tested by 
government and independent testing 
facilities. 

Caution is advised in dealing 
with the solar industry because many 
false claims have been made about 
system performance, probably more 
through enthusiasm than deceit. Solar 
hardware installers with good creden- 
tiale are at a premium, and one of 
them must be located before acceptable 
installation and maintenance can be 
assured. 


Biomass Energy 


Biomass is a name for all plant 
matter; it is the source of nonfossil 
hydrocarbons which are the raw mate- 
rials for making fossiiized hydro- 
carbons, such as oil and natural gas, 
or for direct conversion to liquid and 
gas fuels. Biomass energy is released 
whenever plants are eaten, burned or 
converted to a usable fuel. Examples 
of biomass include trees, algae, and 
other foods consumed by animals. 
Wastes of all kinds, from forest resi- 
dues to sewage, are also sources of 
biomass energy. Crops grown specifi- 
cally for fuel in aquaculture or 
energy agriculture provide the 
necessary organic matter for such 
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biofuels as methane (gas) or various 
alcohols (e.g., methanol or ethanol). 
The value of various sources of bio- 
mass energy depends on quantity 
available, ease of collection, and 
energy conten<. 

Technologies for making usable 
fuels from biomass include digesters, 
stills, or highly sophisticated waste 
management systems. Among such sys- 
tems operating in the world today are 
methane digesters that use human and 
animal wastes, distilling plants, and 
simple stoves or incinerators which 
make electricity. 

The simplest and most economi- 
cally attractive biomass energy 
systems are the stoves, furnaces, 
fireplace adapters, and other hardware 
used for burning wood. Although such 
systems are widely available and well 
known, their efficiency increases each 
year, and more high-quality systems 
are being manufactured in the U.S. 
than ever before. Consultation and 
guidance are available from manufac- 
turers, local fire marshals, building 
inspectors, and public and private 
institutions such as state energy 
offices, university extension 
services, and hardware stores. These 
sources, plus agricultural consul- 
tants, forest rangers, and other wood 
experts can offer you tips on buying, 
planting, splitting, choosing, and 
storing wood. The literature on wood 
heatine is extensive; installation is 
easily available; and maintenance, 
although critical, is simple. Wood 
stoves and furnaces can also serve as 
excellent educational tools for energy 
conservation. 


Cogeneration 


The term cogeneration usually 
describes the combined production of 
electricity and process heat. 





Technically, any system that uses the 
waste by-products of another is a 
cogeneration unit. The principle of 
cogeneration is illustrated by a pot 
of water boiling over a wood heating 
stove. Large-scale cogeneration of 
process heat and electricity has long 
been technically and economically 
feasible. Cogenerators were used 
extensively in the early years of the 
U.S. industrial era. Cogeneration 
accounted for about 30% of the U.S. 
electric power supply in 1930. It now 
accounts for less than 5%. In the 
more energy-efficient European 
countries, currently as much as 40% of 
the electrical supply is an industrial 
by-product. It is a straight forward 
process to measure and identify the 
quality and quantity of waste heat (or 
steam) in industrial or institutional 
processes. These calculations car 
then be used to design an electrical 
generation system fitted with pre- 
dictable kW of capacity. 


Photovoltaics 


The direct conversion of sunlight 
to electricity is accomplished by 
photovoltaic cells. Photovoltaics are 
semiconductors that utilize chemical 
processes to create direct current 
(DC) when they are struck by the sun's 
rays. The cells are connected in 
series or in parallel, placed in solar 
panels, and are arranged to face the 
sun in solar arrays. DC created 
thereby is then converted to alter- 
nating current (AC) for direct use or 
grid integration, and battery packs 
can also be used for storage of 
electricity. 

Most such solar cells are made of 
Silicon, the second most abundant 
element on earth (obtained from sand, 
which is primarily silicon dioxide). 
The cells were originally developed 
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for use in the U.S. space program. 
Their price has dropped dramatically 
during the past 20 years because of 
technological refinement and a wider 
range of uses. Remote applications of 
photovoltaics are already becoming 
economically competitive. 
Photovoltaics is an exciting 
method of electrical generation which 
is undergoing continual improvement . 
Further rapid and significant price 
reductions are predicted within five 
years. With proper market st imula~ 
tion, it is estimated that solar cells 
could supply an important percentage 
of U.S. electrical requirements by the 
year 2000. They could be producing 
Significant amounts of the needed 
electricity within five to ten years. 


Storage and Grid integration 


Successful implementation of 
on-site technologies for production of 
electricity may require use of storage 
and/or grid integration systems. This 
is because wind, water and sun are 
variable sources: The wind does not 
always blow, nor does the sun always 
shine. Matching output from these 
sources with demand often calls for 
storage or grid integration tech- 
nologies. | 

Technologies for storing electric 
energy include batteries, pumped water 
systems, compressed air systems, 
hydrogen storage and flywheels. Of 
these, rechargeable batteries are the 
most universally applicable, and can 
be made compatible with power genera- 
tion systems for any of the on-site 
sources. Although expensive, 
rechargeable batteries are readily 
available in most locations, and 
present only minimal installation 
problems. 

The least expensive method for 
storing electricity from on-site 





sources is to feed power into the grid 
maintained by the local utility. Out- 
put of the generator must match line 
power in phase, frequency and voltage. 
Inverters must be used when direct 
current (DC) is generated on-site, and 
the grid provides alternating current 
(AC). Technical problems involved 
with grid integration should be rela- 
tively easy to resolve with the 
assistance of the utility's engineer- 
ing staff or consulting engineers. A 
greater obstacle to implementation is 
obtaining agreement from the local 
utility to cooperate in such a plan. 


CORE MATERIALS 


This section of the Plannin 
Guide has presented an overview of the 
most important technologies now avail- 
able for on-site generation of energy. 
These brief summaries are amplified in 
the core materials on on-site genera- 
tion that accompany the Guide. Each 
section provides historical background 
on the energy source and its use, a 
discussion of the technology, a pre- 
sentation of its advantages and Jis- 
advantages, and a list of its poten- 
tial applications. The sections also 
contain formulae and calculation tech- 
niques for assessing production poten- 
tial, estimating the economics of 
implementation, and calculating pay- 
back periods. References are given to 
additional sources that will help you 
match your potential for on-site 
energy generation with your current 
and anticipated energy needs. 


On-site generation of energy is a 
logical part of your total energy 








ON-SITE GENERATION 





conservation management plan. 
mentation of on-site generation 
technologizs will enable you *o dis- 
place conventional fuels with alter- 
native energy sources generated at 
your park, refuge or hatchery. Like 
the planning materials for other 
sections of the Planning Guide, the 
planning process presented in this 
section is intended to assist you to 
reduce the use of costly, nonrenewable 
fuels and power. 

Each of the technologies dis- 
cussed here is a proven means for 
converting energy from alternative 
sources into useful forms. After 
thorough planning and analysis, they 
must be properly applied to ensure 
economy and efficiency -- then they 
can help you significantly reduce 
consumption of fuels imported to your 
site. 


Imple- 








We cannot overemphasize the point 
that on-site generation technologies 
should not be introduced at your 
refuge or hatchery until you have 
first undertaken the conservation 
measures identified in the other sec- 
tions of the planning process. For 
instance, the efficiency of solar hot 
water heating equipment is consid- 
erably reduced if pipes and storage 
tanks are uninsulated. Further, you 
may find that by conservation actions, 
you reduce overall demand to such a 
point that the need for immediate 
implementation of on-site systems is 
removed. 





This section of the Guide pre- 
sents methods by which you can assess 
the potential of your site for the use 
of one or more of these technologies. 
A series of tables have been prepared 
to help you through the planning 
process. 

The process for collecting and 
analyzing the data, and determining 
production potential and the end use 
for that production involves a number 
of steps. However, the final results 
of your efforts could be a valuable 
contribution to saving energy at your 
site. Some of these technologies vou 
may be able to implement yourself, 
especially systems nm a limited scale 
such as the smaller, less sophis- 
ticated windmills, or simple flat 
plate solar collectors. For large- 
scale, highly productive systems, 
basic information is provided that 
will allow you to make a simple 
assessment. Afterwards, however, you 
will almost certainly require the 
assistance of technical experts 
trained in application of the specific 
systems under consideration. This can 
save many dollars in the iong run. 

The process for using on-site 
generation technologies at your refuge 
hatchery involves ten steps and is 
illustrated in the Flow diagram on 
page 13 (Figure I). 


Step 1. Familiarize yourself with the 














One or more of the following 
technologies may offer an opportunity 
for producing energy at your site to 
offset, either totally or in part, 
your use of fossil fuels: 


@ windpower 

@ hydropower 

@ solar thermal 

@ photovoltaic 

@ cogeneration 

@ biomass conversion 





concepts contained in the precedin 
pages on “On-Site Generation. 








If you have not already read this 
material you should do so before con- 
tinuing. It will introduce you to 
each on-site generation technology and 
provide a brief synopsis of the types 
of power available from each. It wili 
provide useful definitions and give 
you a better understanding of the 
potential for on-site generation at 
your park, refuge or hatchery. 
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Step 2. Be sure that cost-effective 
measures from the energy conservation 
sections have been identified and 
implementation plans developed. 














It may be an ineffective use of 
funds and staff time to consider the 
installation of on-site generation 
systems before implementing potential! 
conservation measures. You mav, for 
instance, size a Wind Energy Conver- 
sion System (WECS) to meet an svedage 
power requirement of 15 kilowatts, 
based on usage, before examining the 
conservation measures. However. if 
conservation seasures have been imple- 
mented, the average power requirements 
might be less than 10 kilowatts. If 
each kilowatt of power from the WECS 
costs $3,000, implementing conserva- 
tion measures before sizing the WECS 
may save $15,000. A solar hot water 
system mignt not be able to provide 
enough heat to overcome the heat 
losses occurring through the walls of 
uninsulated pipes and storage tanks, 
but the same size system might easily 
supply all hot water needs if the 
pipes and tanks were well insulated. 


Step 3. Assess energy and power 
requirements. 








If you feel there might be a 
potential at your park, refuge or 
hatchery for on-site generation, use 
all the records available from the 
previous year(s) to determine the 
total power requirements for your 
site. Data Form 1, Preliminary Energy 
and Power Needs Assessment, will help 
you to display this information 
according to end use and total use. 
Since on-site technologies are avail- 
able which produce power in amounts as 
low as milliwatts (mW=10-5watts) and 
as high as megawatts (M¥+l06Watts), 
the power requirements for different 
segments of the site, different 
facilities on the site, single 





ll 


functions, and single units should be 
determined wherever possible. ased 
on the understanding of specific 
technologies vou developed reading the 
preceding material and your initial 
assessment of eneray and power needs, 
match areas of need with potential 
on-site genm*ration opportunities. 


Step 5. Assess on-site generation 
opportunities and/or sites. 








Use Data Form 2, Site Review, to 
make a preliminary assessment of the 
park, refuge or hatchery to locate 
sites for possible applications. The 
instructions for Data Form 2 describe 
some things to look for during the 
preliminary assessment. For further 
information on determining whether or 
not a site may be suitable, go to the 
“Required Environmental Conditions” 
and Applications subsections in the 
various sections of Volume 11. the 
Reference index (Data Form &) in this 
section of the Planning Guide will 
give you the appropriate page numbers 
in these sections. Keep in mind that 
the intended site might not support a 
system producing sufficient power to 
operate the entire refuge or hatchery, 
but could support one producing enough 
to meet the demand from isolated 
facilities or units such as a power 
relay station or isolated traffic 
signals. 











Step 5. Choose the highest-rated 
technology and read that section in 
Volume rh On-Site Generation. 

Data Form 2, Column E will show 
you the technology you have rated 
highest. If you have not already read 
the section in Volume II discussing 
that technology while filling in Data 
Form 2, you should now read it very 


carefully to be aware of the advan- 
tages and disadvantages of the chosen 
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technologw and to better wnidersctand 
the possibilities for its isoplementa- 
should alec be aware of 
such things as water rights and usage, 
if vow are interested in hydropower ; 
of restrictions on changing the view 
in scenic areas if vow are interested 
in a WECS; and of the potential pollu- 
tion problems of a cogeneration 
system. Some of these problems wil! 
be mentioned in the subsection on 
advantages and disadvantages, but vou 
should begin an inventory of specific 
considerations affecting the various 


ae. TOW 
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technological applications at your 
site. 
Step 6. Assess the production 





potential of the chosen technology. 





If vow are contemplating a smali- 
scale sy*ttem, you may be able to use 
the formulae in the appropriate sec- 
tion of Volume II and references cited 
there to make an adecuate assesement 
of the production potential of «a 
chosen site. tiowever, for medium- cr 
large-scale technologies, if qualified 
engineers are not on the staff, then 
outside help should be solicited to 
make the assessment. Some sanufac- 
turers of various on-site generation 
systems will make free estimates of 
production potential when they know 
there is the possibilitw of a sale. 
Care should be exercised to be sure 
that outside help has the required 
expertise to make an accurate compu- 
tation of the production potential. 


Step 7. Determine whether the chosen 


technology can meet ali art or none 
of the specitied needs. Pateslets the 











amount of present fuel use that would 
be displaced. 








The production potential of 
specific sites may not be adequate to 
meet the particular needs you have 





identified in Data Fo-a 1. In addi- 
tion, the type of yower output may not 
be appropria*e for the particular 
need. For instance, you gay have an 
anaerobic digester producing methane 
gas, but your power requirement is for 
electricity to operate lights and 
appliances. While the methane could 
very easily be used to heat water, 
cook, or provide space heat, the 
equipment needed to convert the 
methane g48 to electricity may not be 
cost effective. In addition, the loss 
of power through conversion mav be #0 
great that the potential energy avail- 
able is below that required for the 
lights and appliances. If the form of 
energy produced does not meet the 
requirement, no investment in the 
proposed on-site technology should be 
made unless you can meet other needs 
and displaced fuels from this process 
can then be shifted to the first 
specified need. Data Form 3 shows the 
end uses and/or products of each tech- 
nology. From these end uses or pro- 
ducts, the displaced fuels can be 
determined. 

If the first technology chosen 
can supply part but not all of «a 
specified power requirement, then you 
should go back to Step & and choose 
another potential technology. Follow 
Steps & through again and again, 
un solar-powered systems, some sort o: 
energy storage is needed because the 
power requirements may not always 
coincide with the periods of time when 
the wind is blowing or the sun is 
shining. Therefore, the power pro- 
duced when the wind blows or the sun 
shines must be stored so that it can 
br used when demand exists. 

Where a significant amount of 
power is produced intermittently and 
where arrangements can be made with 
the local utility, the best method of 
providing power continuously is tying 
the on-site generation system into the 
utility grid. If storage is required, 
read Section VIII, then prepare 
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estimates of storage costs for use in 
the next step. 


Step 3. Detersgine whether or not 
energy Storage is required, or whether 








a tie-is to the local utility gric car 





be sade. 


For gost interzittent systems, 


such a8 vind at3 solar-powered systems, 


some sort of energy storage is seeded 
because the power requirements say not 
always coincide with the periods of 
time when the wind is blowing or the 

mn is shining. Therefore, the power 
produced when the wind blows or the 
sun shines gust be stored so that it 
can be used when demand exists. 


Where a significant amount of 
power is produced intermittentiy anc 
where arrangements can be sace wit? 
the local utility, the best sethod of 
providing power continuously is tying 
the on-site generation system into 
the utility grid. If storage is 
required, read Storage and Grid inte- 
gtation Section, then prepare cost 
estimates for next step. 


Ste: 9. 


el 


lyses. 


Performs cost and payback 








a) Refer to the subsection on 
“Econozics™” in the section that deals 
with the technology you’ re 
consider ing. 

b) Using information provided 
there and in the reference wm cerials, 
performs cost and payback analyses. 
(Note: Use the worksheet for siaple 
payback period in the Buildings 
section of the Planning Guide. ) 
Included in the cost and payback 
analyses should be such items as: 


l. Inetallation costs, including 
land acquisition if rvquired; 
equipment costs; labor; etc. 





i3 





2. Maintenance and operating 
costs/savings if anc 
to be greater or less than 
present costs. 


sc spatec 


3. Costs of displaced fwels at 
current prices, anc expected 
prices unde urrent and 
anticipated rates of 
inf lat ion 

c ~@terTaine wether th svetet 

is cost effective or is required for 
other reasons. Demponstratior s* 


effectiveness is essential, since 
funds are gore readily available if 
there will be energy and collar sav 
am @ paybect period than if 
savicgs in fwel cosets are aargina! 
anc the paybecs period is long. How- 
ever, if the present fuel is no jonger 
available, changes must be made 


———_— _—— 


J 
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regardless of cost. If vou Neve «@ 
system with 4 short paeybdect period, 


or if energy is desperately seeded, 
and there afte potential on-site genera- 
tion sites and techmologies thet car 

be utilized, the decision to go on to 
Step 10 is an easy one. If, however, 
the payback period is long, then you 
msy decide not tos proceed to Step 19. 


Step 10. [If the systems is cost effec- 
tive, or energy imperative, implement 








wnen funds become available. 





For smwall-scale systems, site 
personnel aay follow the plans pre- 
sented in one or more of the reference 
books in the core library to build 
their own systems. They aay also buy 
and install manufactured systems if 
the required engineering or technical 
talent is available on their staffs. 
In most cases, however, the best 
approach is to contract with 
specialists who understand the tech- 
nology of interest. 














INSTRUCTIONS FOR DATA FORM I 
(Preliminary Enercy and Power Needs Assessment) 








For assistance in completing this table, you may want to refer to 
the energy use forms completed for the other sections of the Planning Guide 
Data from the “Preliminary Energy Audit” form, or the Energy Management 
Forms for Buildings, will be valuable for sompleting Rows A, B, and C. 
Be sure to convert all figures for energy use into the same units of 
measurement, such as kWh or Btu, so that you will be able to compare 
different needs, and compute cumulative totals. Complete conversion 
tables are presented in Appendix A, 


For Row D (newly planned units), architec.ural and/or engineering 
specifications may provide the necessary information. 


Row E (specific functions) refers to specific appliances, machines, 
or tools that might be powered by a small on-site generation system. 
The Appliance list in Table 1, of Appendix B, 

provides information on average electric consumption for most 

appliances. If the machine or appliance you wish to power is not listed, 
then the manufacturer's specifications on the label will furnish power 
requirement information, which when combined with the expected hours of 
use will provide kilowatt hours necessary for operation. 


Row F (high use facility) refers to energy intensive installations, 
such as a pump house at a fish hatchery. Power for such an application 
might easily be supplied by a wind machine. 
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Data Form 2. 





Preliminary Energy and Power Needs Assessment 





Power 
Required 
for 
Facility 


Lighting 


General 
Appliances 


Space 
Heating 


Space 
Cooling 


Water 


Pumping 


Machines 
and 
Tools 


Processing 


Domestic 


Other 





(A) 
Park, Refuge 
or Hatchery 


Totals 





(B) 


Isolated 
Facilities 
(Group of 
Bldgs., large 
bldg., etc.) 





(Cc) 


Small Isolated 
Units 





(D) 
New Planned 
Units 





(E) 


Specific 
Functions 








(F) 
High Use 
Facility 
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INSTRUCTIONS FOR COMPLETING DATA FORM 3 
(Preliminary Assessment of On-Site Generation Potential) 








ee 


eee 








b. For hydro, list any accessible site along a running strean. 


ad. For biomass: 


For assistance in completing this table, read the subsections titel 
"Required Environmental Conditions”, “Applications”, and “Production 
Potential” for the technolocy you are examining. (Page numbers for 
those subsections are listed in Data Form 5.) 


Consider the following items when assessing the various sites: 
a. For wind, list locations where the wind blows much of the time, 
with relatively unobstructed surroundings. Include such loca- 


tions as tops of hills or mountains, valleys which channel wind, 
etc. 


c. For solar thermal or photovoltaic, list each facility which has 
either 4 south facing roof or nearby accessible ground surface 
with an unobstructed southern exposure to the sun. 


1. Digestion 


@ list facilities which have the potential to produce usable 
quantities of organic sewage. 


@ list sewage treatment facilities. 


@ list facilities which have the potential to produce 
usable quantities of agricultural/aquacultural wastes. 


2. Incinerators or pyrolytic converters 


@ list facilities which have the potential to produce 
usable quantities of wood wastes. 


@ list facilities which have the potential to produce 
usable quantities of agricultural/aquacultural wastes. 


@® list facilities that produce usable quantities of solid 
waste. 


3. Stoves/furnaces 


@ list facilities which have the potential to produce 
usable quantities of wood or wood wastes. 
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Data Form 3 Instructions (continued) 








e. For cogeneration: 


l. list any incinerator or thermal process facility that has 
the potential to produce steam to run generators. 


2. list any existing on-site generating system, such as 
Giesel or steam generator from which neat could be 
extracted for space heating, hot water heating, or both. 


3. Under Column A, fully describe the location of the site under 
consideration and list any obvious characteristics that may be 
applicable to the technology. 


4. For Column B, make a preliminary assessment of whether the location 
looks promising for a large, medium or small scale system. Indicate 
this by placing a check in the column under large, or an M or S in 
the column under small/medium, for the technolocy under consideration. 
The following criteria may be helpful in determining the scale of 
wind and hydro sites: 


@. Locations where the averace wind speed is greater than 12 mph 
can support large scale wind systers. 


b. Locations where the average wind speed is less than 12 mph 
but greater than 7 mph can support small scale wind systems. 





c. Large scale hydro sites are normally beyond the scope of park, 
refuge or hatchery interests. For medium scale hydropower 
applications choose accessible sites where small dams are - 
already installed, or where a fast running stream has a drop ©- 
at least 3 meters (9.7 ft) in less than 30 meters (37 ft). 


ad. For emall scale hydro, list any accessible running stream, 
close to an energy-using facility. 


5S. For Column C, note whether you are considering electrical generation 
or mechanical power applications such as pumping water, grinding 
grain, etc., or whether usable solid, liquid or gaseous fuels will 
be produced. 


6. In Column D, check whether storage is required and what kind 
(water, fuel or electric) or whether a tie-in with the local utility 
grid is uncer consideration. (Refer to Secticn VIII.) 
“aw. @ 


1, For Column E, make a preliminary assessment of the site and/or 
technology based on your estimates of: (1) amount of energy that 
might be produced; (2) the ease of installation; (3) proximity of 
the using facility; (4) the expected costs; and (5) the appropriate- 
ness of the technological application to a specific facility or grid. 
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Data Form 3 Instructions (continued) 





Factors to be considered in both 3 and 4 include, but are not 
limited tec: 





a. Historical Freservation Policies 

b. Energy consumption patterns 

c. Remoteness 

dg. Site plans 

e. Budget 

f. Condition of existing equipment. 

After making your preliminary assessment, rate the site and/or 
technolocy on a scale of 1-5, with a rating of one (1) indicating a site 


or technology with the best potential for implementing an on-site 
generation systen. 
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INSTRUCTIONS FOR COMPLETING Data Form 3 








Code and Instructions 


Use the following code to interpret Data Form 3: 


@ - The technology is a practical means of meeting the end use 
requirements or producing the required product. 

Q - The technology can be used to meet the end use requirements 
or produce the required product, but will likely require 
intermediate steps or processes. 

NOTES: 
1 - Wind may produce hot water through friction devices. 


2 - Wind may be used to operate mechanical pumps cirectly, or 
other machine tools through gears or a system of belts and 


pulleys. 


3 - Hydrogen may be produced by the electricity from a WECS or 
hydroelectric system. 


4 - Waterwheels may also be used to operate tools through gears 
or a system of belts and pulleys. 


5 - Anaerobic digestion systems produce methane gas which can be 
further processed into methanol. 


6 - These systems would only be applicable at large sites through 
a cogeneration systen. 


7 - By adding a water jacket to the chimney or heat exhaust systen. 


Under the “Other” column, less sophisticated uses are listed for the 
various technologies. Many of these uses or processes could serve a 
valuable educational purpose. 


Upon determining from the table the most practical use of any on-site 
generation system, you can match the systems with the needs of the park, 
refuge or hatchery. You can then see which of the current fuels will be 
displaced and using the cost of these fuels, perform cost analyses. 





ee ee le 
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Data Form 3. 


Site Review 































































































A B c D E 
SCALE 
RESESSNENS Potential Location Energy Potential Storage 
TECHNOLOGY (describe) Large Small | Elec. Mech. Fuel | Required?|Rating 
IND POWER 
—T———} 
YDROPOWER 
t Water 
ly 
SOLAR 4 
THERMAL |\Space Heating 
-W. or Air 
heed 
ther 
LTAIC 
lpigest ion 
Incinerator 
|BIOMASS es a Sn 
Thermal rolytic 
Converter | 
— = _ co 
tove/ 
rnace 
p——- - -——- -4 - —— —4~— - —<——__ _ 
COGENERATION 
‘ —_ one <n e—ee eeee aun—4 — — quate 














 ] INSTRUCTIONS FOR COMPLETING DATA FOFM 4 





f Code and Instructions 


Use the following code to interpret Data Form 4: 


@ - The technology is a practical means of meeting the end use 
requirements or producing the required product. 


O - The technology can be used to meet the end use requirements 
or produce the required product, but will likely require 
intermediate steps or processes. 


1 - Wind may produce hot water through friction devices. 


2 - Winc may be useé to operate mechanical pumps cirectly, or 
cther machine tocls through gears or a system of belts anc 
pulleys. 


3 - Bydrogen may be produced by the electricity from a WECS or 
hydroelectric system. 


4 - Waterwheels may also be used to operate tools through gears 
or a system of belts and pulleys. 





5 - Anaerobic digestion systems produce methane gas which can be 
further processed into methanol. 


6 - These systems would only be applicable at large sites through 
a cogeneration systen. 

7 - By adding a water jacket to the chimey or heat exhaust syster. 

Linder the “Other” colum, less sophisticated uses are listed for the 


_ various technologies. Many of these uses or processes could serve a 
valuable educational purpose. 


Upon determining from the table the most practical use of any on-site 
generation system, you can match the systems with the needs of the park, 
refuge or hatchery. You can then see which of the current fuels will be 
| @isplaced and using the cost of these fuels, perform cost analyses. 





—— 2. oe eee ee 
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Data Form 4. Code and Instructions 



























































END USE OR Utility Remote Hot Space Mechanical Gaseous | Liquid | Other 
PRODUCT Electric Electric | Water Heat \Power (tools) Fue!s Fuels 
WIND POWER oe e 1 2 3 Milling, 
Grinding, 
oO e o 
etc. 
HYDROPOWER es 0 4 Milling, 
Grinding, 
o o etc. 
Hot Water oO 
Space Heat o 
L #.W. or Air 
Other Distilling/ 
food drying/ 
evaporative 
cooling, 
cooking 
PHOTOVOLTAIC 0 e 
pi ‘ e 5 Soil 
geation oO Nutrients 
. —- 
BIOMASS |1ncinerator : 0 o 
rolytic 6 7 e oO 0 Solid fuels, 
Combustion ke reer o e oils, acids 
toves/ 6 e oO Cooking, 
rnaces & e baking 
ilers 
COGENERATION 6 0 e 
. | 
_ : = jo 




































































Mata Form 5. On-Site Generation index (2n-Site Generation, Volume II ) 
























































_~ Technology ] 
Topic ~~ Wind #ydro Solar Therm Solar Electric Cogeneration Biomass 
Tect-ology p-33 p-53 p.75 p-181 p.170 p-130,146,153 | 
—— 
Advantages p.34 p.60 p.80 p.181 p.72 p.134,147,156 
L _ | 7 _ 
einen p.% p.61 p.80 p.181 p.73 p.124,147,156 
Site 
Cslculatian p-43 p-63 p.90 p-18@2 p.173 p.137 
4 
Cost 
Information p.43 p-.67 p.99 p.ie4 p.i74 p-137,150,158 
Envirormental | 
Condit sons p.3e p.62 p.@2 p.1#2 p.173 | 
(Site Selection) 
. — ; 
Applications p.% p.61 p.#@1 p.1#2 p.173 p.134,i48 
References p.4 p.70 | p.103 p.186 p.175 p.161 
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ABSTRACTS 


Core Sources 


DOE Facilities Solar Design Handbook. Springfield, Virginia: National 
Technical Information Service, 1978, 169 pp. 





This handbook covers design of solar heating systems for commercial 
and laboratory buildings at Energy Research and Development Adminis- 
tration facilities. It includes discussions of solar energy funda- 
mentals, solar heating and cooling technology systems and components, 
as well as a discussion of solar system economics. Quantitative 
analysis, with generalized design and sizing curves, is presented for 
solar heating so that collector and other system parameters can be 
cost-economically sized without a computer simulation. 


Solar system design considerations and guidelines, as well as guide- 
lines for developing subsystem specification, are present. Thus this 
handbook is both a primer for the solar novice and a reference manual 
for the solar system designer. 


Wind Machines, Frank Eldridge, The Mitre Corp., Washington, D.C.: U.S. 
Government Printing Office, G.P.0. #038-000-00272-4, 1976, 77 pp. 





This is a concise, technical document covering the history and future 
potential of wind machines, and of special interest, applications, 
siting, performance, and design of these systems. As part of the 
text, formulas are provided for figuring costs for energy produced, 
power in the windstream, and potential power performance by a wind 
machine. A list of suppliers is included. 


Installation Standards -- Solar. Vienna, Virginia: ve Better Heating and 
Cooling Bureau, Sheet Metal and Air Conditioning Contractors’ National 
Association, Inc., C. 1977. 





This publication provides installation standards for winter and/or 
summer heating and air conditioning systems and related systems, 
including solar. Preliminary data collection for load calculations 
and design and sizing leads the reader to equipment selection, con- 
struction, and installation. This step-by-step approach considers all 
the elements of heating and air conditioning systems, including duct 
construction and installation, liquids piping and installation, fuel 
and thermal energy storage, air cleaning devices, sound considera- 
tions, etc. Related systems include (solar) swimming pool heating 
and (solar) domestic water heating. Useful glossary, tables, and 
worksheets. 
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Energy Primer, Richard Merrill and Thomas Gage (eds.). Menlo Park, CA: 
Portola Institute, C. 1978, 256 pp. 


This primer stresses the need for integrating energy conservation with 
renewable energy systems. It is a comprehensive source book contain- 
ing basic information on how different energy systems work, their 
limitations and potentials, useful references and available hardware. 
The technologies covered are solar, water, wind, biofuels (biomass, 
agriculture, aquaculture, methane, alcohol, and wood), and the pros- 
pects for integrating a number of technologies. Since it is written 
for the individus! or small group only, small-scale systems are con- 
sidered. Descriptions of such systems as windmills, wind generators, 
space heaters and dryers, wood burning heaters, and solar water 
heaters are given. 


The Solar Decision Book, Richard H. Montgomery with Jim Budnick. Midland, 
MI: Dow Corning Corp., C. 1978. 





In this excellent, well-organized, and beautifully illustrated book, a 
step-by-step decision-making process to narrow the solar options is 
presented. The 21 chapters (or decisions) range from recognizing that 
there is an energy shortage, to planning a solar system, to properly 
installing the system. 


Many tables of cost, energy, and materials data are provided along 
with formulas to help you determine such things as operation and 
maintenance costs, what size pumps or collectors to use, and effec- 
tiveness of heat exchangers, to name a few. The appendix has much 
useful data on: (1) calculating structure heat loss, (2) evaluating 
an energy conservation investment, (3) determining what size system is 
needed for a given situation and site, and (4) judging what obstacles 
may shield collectors from the sun. 


“The Dawning of Solar Cells," David Morris. Washington, D.C.: Institute 
for Local Self-Reliance, C. 1975, 16 pp. 





This article can serve as a good introduction to solar cells, as it 
provides background material on what solar cells (photovoltaic cells) 
are, their costs, and technological breakthroughs. Their impact on 
the nation's electric needs is analyzed. Storage and backup energy 
systems are delineated. 


On-Site Generation. Arlington, VA: National Recreation and Park 
Association, 1978. 





This book is addressed to park, refuge, and fish hatchery staff. Six 
technologies are described, including wind, hydro, solar thermal, 
biomass, cogeneration, and photovoltaics. Methods for energy storage 
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and grid integration are also provided. Advantages and disadvantages © 
of each technology and how it might be applied to the site are dis- 

cussed. The sections under each technology deal primarilw with smal 1- 

to medium-scale systems. 





Means of computing potential energy p:oduction are offered for most 
sections. The appendices include conversion tables, electric appli- 
ance consumption tables and instructions for computing simple payback. 


Producing Your Own Power, Carol Hupping Stoner (ed.). New York: Vintage 
Books, C. 1974, 322 pp. 





Devoted to small-scale systems, this book discusses the limitations 
and potentials of such systems in harnessing energy from the sun, 
wind, water, wood, and organic wastes. The chapter on wind power 
considers means of generating electric power from the wind by using a 
system consisting of the wind-driven power plant, a storage system, 
conversion devices, and an optional backup system. In the chapter on 
water, small water power sites intended for small communities can be 
chosen based on a list of needed data provided in the text. Wood 
burners are described in terms of heating and cooking. Solar enerev 
is utilized in this context for space heating and water heating, and 
these systems are described simply but with some design information 
included. 








Following are detailed discussions of wind, hydropower, solar thermal, 
biomass, cogeneration, and photovoltaics. Except for biomass, they 
are examined from their historical and technical standpoints, followed 
by descriptions of their advantages and disadvantages, applications, 
environmental conditions required for their implementation, their 
production potential, and economics and sizing. References are 
supplied in each case for further information. 


Biomass is discussed in terms of its sources, conversion technologies, 
anaerobic digestion, and combustion. 


The last section deals with storage and grid integration of energy 
produced on site -- their technologies, applications, and economics. 


The appendices supply conversion and equivalency tables, a chart for 
recording energy use and a table giving kilowatt ratings of appli- 
ances, and a method for calculating cost-payback periods for an 
on-site generation system. 
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If all the earth's air were 
evenly whipped to a speed of 
20 miles per hour, on one 60- 
second interval its force would 
equal the electrical energy 
generated by the Hoover Dam 
operating at full capacity 
night and day for 6,680 years. 


-~Cnristopher Finch 
Quest ‘78 Magazine, 
Jan/Feb Issue 


Wind is a source of energy rich in 
tradition. Its history is double-edged 
and amusing, responsible for visions 
of “quaintness”, like wooden shoes. In 
Spite of recent advances in technology, 
wind has been considered a technology 
whose time had passed in the United 
States. As long aS we continue to think 
of wina@mill technology a5 quaint or 
obsolete, the vast potential of the 
wind'’s energy will continue to pass us 
” The facts are that current wind 
energy technology is largely proven, 
commercially available, often econom- 
cally competitive, and is being rapidly 
refined. The advantages of wind systems 
are being more widely appreciated and 
long-standing problems are being solved 
in an entirely professional, technical 
manner using technologies developed in 
aero-space science. 

“What Happens When The Wind Dies 
Down?” is the question most often asked 
about wind energy systems. It is inter- 
esting to note that the wind, in cer- 
tain locations, never does die down. 
Around the world, for example, there are 
winds whose constant presence has earned 
them such nicknames as the trade winds, 
the westerlies, the polar easterlies, 
the equatorial doldrums. Consistent 
winds may even exist at specific park, 
refuge, or hatchery sites. On an annual 
basis, winds are remarkably consistent 
all around the earth. 

Winds are masses of air flowing 
from higher pressure into lower pres- 
sure areas. Lower pressure systems are 
lees crowded because the air mliecules 
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have been heated by the sun causing them 
to move faster and the distance between 
molecules to increase and the air, there- 
fore, to be less dense and lighter. As 
the warm air rises, cooler, higher pres- 
sure, more Gense air flows in beneath it. 
As long as there are different air temper- 
atures, there will be air flowing from 
the cooler, Genser systems to warmer, 

less dense systems. The sun warms the 
air, and wind is the kinetic storage 
medium for solar energy in the atmosphere. 
Our weather is largely a function of 
winds, the earth's shape at the surface, 
and the turning of the earth. 

Wind is an energy source with very 
important characteristics. It is abund- 
ant and wili last as long as the sun 
shines. it is dispersed by nature and 
therefore does not have to be trans- 
ported to 4 processing center. It is 
powerful. The wind power available in 
the continental U.S. is estimated at 
three thousand trillion kw or enough to 
produce 5 times the current U.S. demand 
for electricity.')) It is clean. Wind 
power systems in operation emit no fumes 
Or Significant wastes. With the increas- 
ing demand for clean, renewable energy 
sources that create a minimum of envi ron- 
mental impact, wider use of wind energy 
Systems in the future is a virtual cer- 
tainty. 


The references to windmills in 
5,000 year old records from ancient Egypt 
make the technologies for capturing the 
power in moving air at least as old as 
recorded history. One manuscript mentions 
@ Persian millwright in 644 A.D. whose 
windmill turned on a vertical axis to 
move water and grind flour. In today's 
terminology, we refer to wind “machines,” 
Since most “mill” work is no longer done 
by wind power. 

Figure 1 illustrates wind machines 
whose blades turn on either the hori- 
zontal or vertical axis. The windm lis 
that first appeared in Europe in the 
twelfth century were tilted an the axis 
30 degrees to the horizontal, and the 
Dutch and other northern Europeans brought 
the sails up vertically. The most 
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Figure 1. 


famous horizontal axis wind machines are 
the windmills of the Netherlands. They 
were used not only for grinding, m1i- 
ing, Sawing wood, and pumping water for 
irrigation and residential uses, but 

for draining wetlands, and reciaimi)g 
land from the ocean and bays. Usir| 
wind power, the Dutch drained large 
areas of land which lay below sea level, 
such as the Beemster and Schermer Polders, 
initially nothing more than dike en- 
closed bays and marshes. This reciana- 
tion increased the useful land mass of 
the country by 11%. 

By the middle of the nineteenth 
century there were over 9,000 windmills 
in use in Holland, with some of the 
larger industrial mills delivering up 
to 90 horsepower (67.14 kw equivalent). 
This number decreased rapidly as steam 
replaced both wind and water as the 
major source of energy. By the begin- 
ning of the 20th century there were 
2,500 windmills in use, and by 1960 
only 1,000 were still operating. 








Horizontal Axis 


Wind Machines: Horizontal and Vertical Ares 


The Danes were the first to produce 
electricity by wind, in 18666. By World 
War | the electric grid in Denmark had 
@ total gen“sating capacity of 100,000 
kilowatts. German plans to construct a 
series of towers with 400 foot propellers 
(capable of generating 10-50 megawatts 
each) collapsed in the 1940s with the 
end of the Third Reich. 

In the U.S., windmills were extremely 
important through most of the 19th 
century. Oonald Carr reports that in 
#50, “the use of windmills in the Unit- 
ed States represented about 1.4 billion 
horse-power-hours of work, the equiva- 
lent of burning 11.6 million tons of 
coai:” Twenty-five years later, U.S. 
wind capacity was cut in half and be- 
came less and less important as this 
country turned to coal, then petroleum, 
then natural gas and uranium because 
they were cheap and plentiful sources of 
power. Advertisements for windmills and 
parts were seen in the Searse-Roebuck 
catalogues in the 1920s. Although the 
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wind never died down, interest in har- 
messing it did. In 1973, the Master 
Research Plan of the U.S. did not even 
mention wind technologies. Although 
data on the current use of wind power in 
the United States are not complete, it 
is estimated that there are 100,000 - 
150,000 windmills running, the vast 
majority of them doing mechanical work 
in the midvest, southwest, and agricul- 
tural areas in other parts of the coun- 
try. These are all that remain from the 
Six million windmills built in the U.S. 
Since the 1850s. 

The largest wind energy conversion 
system (WECS) ever built was the Smth- 
Putnam wind turbine situated on Grandpa's 
Knob, Vermont. This machine, capable of 
producing 1.35 ™ at 26.7 rpm, produced 
electricity intermittently from 194] to 
1945, feeding power directly into the 
distribution network of the Central 
Vermont Public Service Corporation. In 
1945 the machine threw a blade due to 
metal fatigue and was closed down. Sw- 
sequent studies revealed that the elec- 
tricity produced by the Sm th-Putnar 
machine was not cost competitive with 
that produced by fossil fuel plants and 
it was decided that the wind turbine 
would not be started w again. Recent 
interest in WECS was sparked by the 1973 
OPEC 011 embargo, the subsequent rise in 
imported oi] prices, and the growing 
realization that the U.S. must find an 
alternative to fossil fueled electrical 
piants. 

Almost all government research 
being done on alternative energy re- 
sources in the U.S. is being handled 
by the Departaent of Energy (DOE). 

Prior to the creation of DOE, wind ener- 
gy research was carried out wider the 
auspices of several agencies. The Ener- 
gy Research and Development Agency (ERDA) 
was responsible for the majority of the 
pre-DOE work, though some of the initial 
wind work in the early and mid-1970s was 
done by the National Aeronautics and 
Space Administration (NASA) and the Ne- 
tional Science Foundation (NSF), often 
jointly with ERDA. The first major step 
in ERDA's WECS program was the construc- 
tion of the 100 ke EXDA-NASA experiment- 
al wi.c turbine at the NASA-Lewis Re- 
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Search Center in Plum Brook, Ohio. This 
machine, still being used by the DOE, is 
@ downwind horizontal axis wind turbine. 
Its rotor is 125 feet in diameter and the 
machine is designed to produce its rated 
Capacity of 100 kw at 40 rpm in 18 mph 
winds. The Lewis wind machine, put in 
Operation in September 1975, serves 
basically as a testing apparatus to 
collect data about WECS hardware and 
control subsystems performance and cost. 

The next step in the government 
research effort was for the DOE to in- 
stall WECS directly into a utility grid. 
This was done in February, 1978, in 
Clayton, New Mexico where a DOE-NASA 
200 kw wind turbine similar to the Lewis 
machine, began providing electricity 
directly for consumer use through exist- 
ing utility networks. Two similar 200 kw 
wind turbines are expected to be erected 
shortly, one on Culebra Island, Puerto 
Rico, and one on Block Island, Rhode 
Island. These are to be followed by a 
2.0 wind turbine tentatively sited 
for Boone, North Carolina. Similar 
machines are also scheduled to be placed 
at numerous other sites in the U.S. 

In 1978, there are at least 120 
smaller win@mills in the U.S. that are 
used to generate electricity and inter- 
faced with local utility grid systems. 
In the first half of 1976, the DOE showed 
Significantly increased interest in 
smaller WECS. Contracts totalling $2.2 
million were issued to seven U.S. com 
panies to develop prototype wind turbine 
generators in the 1 kw to 6 kw range. 
Updated reports on federal wind energy 
programs are available from the DOE. 

Two examples of significant social 
commitment to wind energy are found in 
California and Denmark. A recently ap- 
proved program in California calis for 
108 of the state's electric generating 
capacity to be wind powered by the year 
2000. This ampunts to 500 MW capacity 
installed by the mid-1960s, and 1000 ™ 
by the 1995-2000 period. 

In 1976, Denmark began a serious re- 
introduction of wind power, including 
Anstallation of the largest WECS in the 
world. Research of world-wide import- 
ance is being Gone in Denmark, addressing 
the critical issues of storage, grid 























integration, and the complementary na- 
ture of wind and hydroelectric system. 


C. TECHNOLOGY 


A wind meciine system cam be de- 
signed to do a number of tasks. The 
ancient windmills did mechamical work, 
turning stones to grind flour, pumping 
water for irrigation or land drainage, 
or to store it in lakes or reservoirs 
for later use. Today, mechanical ener- 
gy i186 still required and wind powered 
energy systems are well-suited for such 
processes a5 compressing air, pumping 
water, stirring sewage during treatment, 
water circulation, ventilation -- as 


well as the age-old uses mentioned above. 


The technology of wind energy con- 
version systems is mot radically dif- 


ferent from that of the oldest windmills. 


In either case the kinetic energy of 
the wind is converted by the machine 
into mechanical energy. This energy is 
then used to turn a generator (DC) or 
alternator (AC). Virtually all wind 
conversion systems in use or wider study 
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Figure 2. Wead-on Horizontal Potors. 





around the world use the process of ro- 
tation to convert the wind's energy 
(though other processes known to work 
include translation and oscillation). 
Windmills that use rotational con- 
version may be divided into three groups 
Characterized by the orientation of the 
@xis on which they turn. (See Figures 
2, 3 and 4) Windmills of all three 
types have been usec over hundreds, and 
in some cases thousands, of years. 
Horizontal axis rotors, for the most 
part, utilize lift forces to extract 
energy from the wind. For a given area, 
lift forces provide many times more 
energy than drag forces. In most cases, 
Gevices using drag forces cannot move 
faster than the windstream speed. These 
factors combine to produce a much higher 
rotor tip speed to wind speed ratio for 
lift devices than for drag devices giving 
lift devices higher power to weight ra- 
tios and lower cost-to-power ratios. '?? 
The number of blades in horizontal axis 
wind turbines varies from a single blade 
with a counterweight to several dozen 
blades. Single blades are rot widely 
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Dowrn-Wind 


The axis of rotation is paralie) to the 


direction of the windstream (typical of conventional windmills). 
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Cross wind Savonius Cross wind Paddles 
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Fievre 3. Cross-Wind Horizontal Axis Rotors. The axis of rotation is both hori- 
zontal to the surface of the earth and perpendicular to the direction 
of the windstream (similar to 4 waterwhee!). 
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Figure 4. Vertical Amis Potors. The azis of rotation if perpendicular to both the 
surface of the earth and the windstream (“eggbeater” type). 
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used gue to the excessive vibration pro- 
@uced and frequent blade bending. Mul- 
ti-bleded machines are often small scale, 
such as the one horsepower mits usec 
on farms and ranches throughout the U.5. 
to pup water or produce electricity. 

Most of the existing and planned 
laroer wind machines use a two blade 
rotor, the two blades lying in «4 straight 
line like am airplane propeller. The 
use of a two bladed rotor is normally 
Gictated by cost. In large WECS blade 
costs are « substantial fraction of the 
total. Estimates for 100 kw wind ma- 
Gunes based on NASA's early experience 
piece b t at appromiaately 23% of 
an notan tas 

At present, little researc is 
being Gove on crosswind (waterwhee) 
type) horizontal rotor wind turbines 
because they “...have not been found to 
be very effective ...” and “...there 
appear to be no significant advantages 
to crosswind horizontal-aexis rotors over 
either head-on or vertical axis ro- 
tors.” 

If treditional horizonta) 
axis winG@milis are woommon sigits, 
vertical xis rotor @achinves are yet 
more rare. The best researched and most 
thoroughly tested vertical axis wind 
turbines are the Savonius rotor and egg- 
beater-shaped O#rrieus rotor wind turbines. 
These wind machines heve a important 
advantege over horizontal axis ®achines, 
in that there is no need to keep the 
rotor of @ vertical axis machine poirted 
into the wind. There are several eco- 
namic a@vantages to these vertical wind 
machines. First, they are generally 
less complex and require no wind tracking 
har@vare. Second, wilike the horizontal 
axis machine, the generator, gear box 
and control mechanism can be at ground 
level, making installation and mainten- 
ance simpler and hence less costiy, 
while reducing the need for additional 
tower support. The more efficient of 
the two is the Derriew rotor, primarily 
because it wtilizges lift forces like the 
head-on horizontal axis machine The 
Sevonius, on the other hand, relies on 
the forces of drag. The we of lift 
forces results in high efficiencies in | 


the Derrieus, second only to those 
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| obtained by high-speed two-bladed hori- 
fontal axis machines. 

| Several total wind energy system 
are illustrated in the following 
schematic. (Figure 5). Each WECS begins 
with electrical generation, Geals with 
storage to make the energy available 


as much of the time as possible, deter- 


mines AC and OC loads, and in some cases 
Commects with supplementary systess. 

The simplest use of wind generated 
electricity is in the form of Direct 
Current for appliances, lights, and tools. 
A battery peck is required, normally 
lead-acid batteries with the longest 
possible life (such as golf-cart or 
marine batterie:n, both deep celis). 
the OC output in “inverted” an alter- 
nating current (AC) way be drawn off 
for radios and tools that require Ac. 
if OC is to be used in the building or 
grounds, additional wiring is required, 
as AC lines will not carry the &. The 
adaded expense may rule out direct use 
of oc. 

Other storage media include flywheels, 


if 


Compressed air, pumped water, electroly- 


Sis, and more importantly, inversion 

for direct interface with existing util- 
ity lines. (Read the Section om Storage 
and Grid integration, for more detail 

on the process of storing electricity 
generated on-site.) 


ADVANTAGES / DISADVANTAGES 
Advertages 


The advantages of wind powered ener- 
Gy systems over centralized fossil or 
nuclear fueled systems are related to 
the environment, transmission, abundsnce 
of fuel, and other gore swjectuve 
bonuses, such as increased self-suffi- 
ciency, displacement of isported fuels, 
and education. 

1. Wind, where it exists, is free. 
Operating costs of wind machines 
are much lower than those of 
systems which utilize costly 
conventional fuels. 

It is abundant Lecausee a6 long 
as the sw shines, winds are 
created. 

it powers variow: conversion 
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har@rare with no by-products erated electricity in very Yd] 
to pollute the environment. | remote areas because of the 

4. QGm-site wind energy systems ) high cost of new power lines. 
create power near where it is | 7. Sar@eare that illustrates the 
used, so transmission losses principles of wind energy -- for 
are negligible. educational purposes -- is inex- 

5S. The fuel for wind system ca>- pensive and easy to comstruct. 
mot be controlled by foreigz | 8. Som mechanical aes of wind 
netions and companies. energy, particularly water pap- 

6. Wind system are already less ing, ere long-proven tectinclo- 
empensive than centrally ger- gies. 
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Figure 5. Total Wind Energy System 
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There are, however, certain dissed 
vanteges to wind energy systems. They 
consigerations, to 
nature of the wind. 
Local wind installation experts are 
mot a8 common a6 solar hot water experts, 
anc far less common than washing seciine 
repairmen. Other diseévanteges include: 

1. High speed propellers present 
same safety hataeraGs to flying 
aimals and to some Gegree to 
those people and habitats 
within range of a thrown blac. 

2. Wind machines may generate in- 
terference that can be picked 
= on homeamers’ raedics ad 
television sets. 

3. The wind rarely blows constant~- 
ly and with the same Gegree of 
power. 
must be regulated so Gamage is 
not dome to @pliaoces, ac 
they must be becked @ so power 
is avallable if the wind dies 
Gan. 

4. First cost economic analyses 
may Giscourage the use of wind 
machines because the initisi 
investment is high. Economic 
amalyses of wind system must 
be Gone on a life cycle basis. 
Wind systems are economic in 
many cases because there are 
no fuel costs. 

5S. Thowgh wind tunneling effects 
are possibile, both in natural 
conditions and those created 
by humans, wind is not easily 
captured and stored. Excess 
wind power say be stored for 
later wpe in the form of puxped 
water, batteries of hydrogen. 

Changing economics are making wind 
gererators competitive with convention- 
al electrical generation sources. h- 
search by both government and industry 
is leading to better wind energy haré- 
vare. Incentive programs are making 
the har@veare more readily, avallaic. 
The bottom line is that the costs of 
email wind electrical and wind mechani- 
cal system are ¢ropping rapidly «at « 
time when other energy costs are rising. 


‘i 
if 


Wind systems, therefore, | 


The environmental benefits and the posi- 
tive effects that large-scale we of wind 
will have on local employment anc the 
U.S. economy are helping encoureg ef- 
forts to minimize the dissévanteges. 


Site plans to use wind energy sys- 
tems should include surveys for both 
mechanical and eis. rical appliceticon. 
Mechanical applications are less exper- 
sive than WEG. Durable and effective 
wince me@iines say be built from indi- 
genow materials by local labor or stv 
Gents, making an effective educaticor 
project. WECS are of significant in- 
terest because electricity seeds are as 
important today a8 mechanical and agri- 
cultural needs were years ago. Electri- 
cal Gemand is as high as 10 to 15 per- 
cent of total energy comswption in dif- 
ferent parts of the cowmtry - and at the 
present rate is projected to mare @ «4 
full 25% of total U.S. energy demand 
early in the 2ist century. 

Mechanical energy from the wind may 
be harnessed for sany uses. These in- 
clude: 

i. Puampiog water. Water pepe pow- 
ered by wind have been saveiiabic 
commercially for years. ind 
powered pumping cam move water 
for Gomestic we, for irrigation, 
in fisheries, or to reclai# land 
in flooded «reas. Water may be 
pumped whill for we in hyéro- 
power applications. It may aiso 
be pumped above grow sd to supply 
gravity-fed toilets or for other 
uses in waste treatment processes. 

2. Compressing Air. With the use of 
wind machines to rum compressors, 
air can be stored woérer pressure 
in tanks or netural caves. This 
can be valuable for we in re- 
ning mechinery sum) as cw mi ik- 
ers or air hammers, and cam aise 
be successfully wed a6 a ener- 
Gy storage media (see Storage 
ané Grid integration, Section 
Viit). 

}. Milling. This is the oldrst appli 
cation of the mechanical energy 
~vallable from wind. Wind mee 




















chines are often used for grind- 
ing grain, turning Saw blades, 
threshing grain or crushing 
sugarcane. 

Aeration. Wind power may be 
used to mix stagnant water or 
sewage to increase its oxygen 
content, and bacteriological 
activity. 

Water heating. A mechanical 
process usinc the friction from 
wheels grinding together is now 
being tested and used where 
the availability of wind makes 
it cheaper than solar energy 
for hot water heating. 

Moving air. Wind machines may 
move air through active and 
passive solar systems so that 
the need for electrical pumps 
may be avoided. 

Electricity generated with wind 
Systems may be used in the same ways as 
electricity from other sources, to power 
hot water heaters, lighting, tiachinery, 
tools, radios and televisions, electro- 
nic equipment, sewing machines, and re- 
frigerators and air conditions. Usu- 
ally, electrical applications call for 
some form of storage system (see Storage 
and Grid Integration). Briefly, storage 
needs can be met by a) direct grid sub-_ | 
sidy, or b) battery storage. Direct 
grid subsidy involves connecting the on- 
site system with existing utility power 
lines. Battery storage, especially use- 
ful in remote regions where grid sub- 
sidy is impossible, can be designed to 
meet most conventional needs. 


REQUIRED ENVIRONMENTAL 
CONDITIONS 


At the most basic level, you must 
have wind, of course, and a need for the 
wind power generated. Strong, steady 
winds are the best. You should be aware | 
that few available systems will be use- 
ful in winds averaging less than 10 gph. 
The nature of wind systems is such that 
you will need a site where gusts or ri- 
cocheting winds are few. You will also 
need to consider placing electric trans- 
mission lines from the generator to 
existing power lines, finding space for 
battery storage if yours is a remote 
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location, and locating room at the site 
to make necessary maintenance and re- 
pairs. 

The topography of the wind turbine 
site and adjacent areas should also 
be thoroughly studied. Wind systems 
should be situated so that there are 
mo tall obstructions upwind from the 
site and that the neighboring terrain 
is level -- open plains or open shore- 
lines. The windmill should also be 
placed at least 30 feet higher than 
nearby obstructions (buildings, trees) 
oz 500 feet from them. Unless these 
general guidelines are followed, natural 
and man-made structures will disrupt 
the steady winds and subject the wind 
machine to stresses caused by gusts 
and ricochets. It is generally accepted 
that the least expensive way to get 
the greatest power from a windmill is 
to increase the height. The higher the 
tower, the greater the power available 
(See Paragraph C, TECHNOLOGY) the less 
wear on the machine, and the better the 
investment. Hilltops and the roofs of 
buildings are best. Valleys also are 
good locations except that wind will 
only be available from two directions. 


PRODUCTION POTENTIAL 


The following discussion lays out 
basic steps for assessing the production 
potential from wind energy at your site. 
The first step is to research wind ener- 
gy information that is available from 
national and local sources. The second 
step is to perform basic measurements 
of wind conditions and potential at your 
site. The third step is to match the 
information you have on regional and 
local wind conditions with available 
information on wind machines for mechan- 
ical applications and WECS. 

There are several national sources 
of wind data. The following map (Figure 
6) of the U. S., for example, shows how 
wind velocities vary around ‘he nation, 
from an average speed of 5 mph in some 
areas of California, Arizona, and New 
Mexico, to 36 mph for norther': New Hamp- 
shire. You may contact the National 
Climatic Center, Asheville, N. C. 28801 
for further information. NCC maintains 
data on a regional basis for average 














BEST DOCUMENT AVAILABLE 






























































Figure 6. Mean wind velocities for various areas around the nation, including 
Alaska, Hawaii, and Puerto Rico and the Virgin Islands. 


wind speeds, prevailing wind directions 
and other valuable points. It is im 
portant to get all the information NCC 
can give you about wind in your location. 

Once you have obtained information 
from the NCC and other national sources, 
contact any possible local source. The 
more complete your information, the 
better, so go to as many possible sources 
as you can locate. These may include: 

1. Local homeowners with windmills, 

2. Local airports, 

3. Local radio or television sta- 

tions with meteorological devices, 

4. Technical schools and colleges, 

5. Private ski areas, 

6. Nearby wind equipment manufac- 





turers, 
7. Military installations, and 
@ 8. Foresters, rangers and nearby 


farmers. 
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They may know of areas where winds 
seem to be high. You should also check 
out the history of windmills and other 
systems in your area, and look for any 
Gata that may have been recorded at 
your site. 

When you have gathered together the 
existing information, you will be more 
fully prepared to make your own measure- 
ments. Because wind is intermittent and 
varies greatly in intensity at any given 
site, installing ‘i'd energy systems 
calls for exhaustive measurements and 
consideration of siting factors. The 
longer the period of time over which you 
take readings, the more often you take 
them, and the more accurate the wind- 
monitoring devices you use, the better 
will be the information you need for 
your Gecisions. 














PEST BOCGERT AVAILADLE 





To prepare for making measurements, 
do some preliminary detective work, or 
wind prospecting. If you have no wind 
instruments, you can make very rough 
estimates by comparing the effect of 
wind blowing trees and bushes in a 
potential area with the wind measure- 
ment reported by the local weather ser- 
vice. However, to identify the best po- 
tential areas, utilize good equipment 
and review the facts presented above 
under Required Environmental Conditions. 
When you'w identified the most likely 
spots. use an anemometer to take detailed 
readin js. Anemometers may be purchased 
for approximately $100, or built inex- 
pensively according to a method pre- 
sented in Reference (4). 

Ideally, wind data should be gather- 
ed on-site over a period of several years. 
Observations should be made for a year, 
if possible, and for several months at 
aminimum. Data should also be collect- 
ed from different altitudes and locations 
at the same site. Move the anemometer 
instrument cups to different locations, 
or, better yet, get several anemometers 





and place them in different spots and 
elevations. Take daily readings, if 
possible. 

As you make your measurements, seek 

to determine the following: 

l. Average wind speeds, calculated 
for the different times of day 
and times of year. Knowing 
average wind speeds allays you 
to design systems for relatively 
continuous output. 

2. How often the wind blows at 
higher than average speeds (the 
frequency curve). 

3. Data on average wind speeds, etc., 
for different elevations at the 
same location. 

4. Patterns of wind direction, and 
data on wind shifts and changes 
that occur frequently. 

As you record information from your 

Own measurements, compare your data with 
those you've obtained from NCC and other 
sources. Note consistencies and compari- 
sons and extrapolate to calculate annual 
wind data for the site. 

In making preliminary decisions on 


Example: 
For 876 hr/yr, the wind machine produces more than 
200 100 w/ft? of rotor area 
Wind 
Speed, mph 
, 40 
Power 
Density 100 }--- 35 
w/Free ‘ 








, Area = Total Energy Output/Yr = kWh 


Fe*Yr 





a> 
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Hr/Yr 


Figure 7. Theoretical Power Density Duration Curve For a WECS with Cyn. 35 


(Source: Reference (3)) 
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whether your site has adequate wind 
conditions for on-site energy production, 
there are several important factors to 
consider. First, wind systems except 
for the simplest mechanical devices, 
require at least 8 mh average wind 
speeds. Second, a difference of just 
a few miles per hour in the average 
wind speed can have a large effect on 
the power available at a particular site. 
Figure 7 graphically illustrates the 
rate at which power increases with in- 
creased wind speed for a wind energy con- 
version system with a power coefficient 
(Cc) of 0.35. 

The graph in Figure 7 is good only 
for a WECS whose power coefficient (C_) 
is 0.35. However, if you have collected 
data for at least one year at your site, 
you can draw your own power density 
duration curve for the power coefficient 
of any WECS using the following formula: 


Pp = 5.64 x 1073 (v4) (cp). 


Where Pp is the power density (the verti- 
cal left hand scale), GS is the power 
coefficient, and 5.€4 x 1073 is a com 
stant used to provide for a one square 
foot area and the units to make the an- 
Swer read watts per square foot (W/ft). 
For example, if we use the C, of 0.35 

in Figure 7, and a wind spees of 37 sph, 
we have 


Pp = 5.64 x 1079 (37) 3(0, 35) 
2 


= 99.99 W/ft 


which agrees with the graph. 

Third, the availability of power 
from wind varies with the cube of the 
wind speed. This means that the vast 
majority of the power is contained in 
winds that blow at speeds above the 
average velocity. Estimates made by 
Sandia Laboratories put the actual 
power available at a site as being two 
to three times that which would be cal- 
culated by just using the annual mean 
wind velocity. '3) It will improve the 
accuracy of your estimations of power 
available at a specific site if you 
plot the annual average energy density 
of the wind versus the wind speed. The 
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two graphs in Figure 8 show how much of 
the annual output of a wind system comes 
from the higher than average wind speeds. 
Fourth, the power available from a 
wind machine varies proportionately 
with the square of the diameter of the 
swept area. A wind machine with blades 
4 feet in diameter can produce four times 
the power of a wind machine with two 
foot blades. 
Maximum useful power (P,,) can be de- 
termined by the following formula'®). 


P,, = 2.4 x 107© (p2v3) 


where D is the propeller diameter in 
feet, V is the average wind speed in 
miles per hour (mph), and 2.4 x 107° is 
a constant which accounts for the density 
of air and the conversion of square feet- 
velocity cubed into kilowatts. The effi- 
ciency of even a well constructed wind 
system is usually no more than 508, 
therefore, the actual power (P,) avail. 
able may be expressed as: 


P, = (2.4 x 107®) (p2v3) (0.5) 


or 
Po = (1.2 x 1076) (pv) 

Example: If D = 12 and V = 15 mph, then 
P, = (1.2 x 1076) (12)? (15)3 


= 0.5832 kw 
— +e eee 


Fifth, altitude is an important con- 
Sideration in the installation of any 
wind machine. As one's distance above 
ground level increases, wind speeds 
increase. For instance, climatological 
da'a from NCC show that the average wind 
speed at ground level in Connecticut is 
9 mph, while the average wind speed at 
150 feet above the ground is 10 mph. 
This increase varies with the roughness 
of the terrain. Power density decreases 
with altitude, due to decreased air 
density, but this is offset by the wind 
speed increases. For example, since 
the power available fror wind varies 
with the cube of the wi: peed, there 
is a 3,375 times as much ower available 
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to a WECS at 60 feet than at 25 feet, if | the higher wind will only rum a small 


the wind speed is 1.5 times as great. 
Therefore, by placing a wind turbine on 
a hill or high tower it may be possible 
to significantly increase its power out- 
put. 

Sixth, the rated wind speed of the 
various available systems must be known. 
A wind machine <bosen to match the aver- 
age wind speed at a site will assure a 
relatively coutinuous output but will 
not tap the power in the higher wind 
speeds. A wind machine chosen for just 
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fraction of the time. A trade off be- 
tween these two considerations must be 
made. Most wind machines are designed 
for maximum rated output at a speed 35% 
above the annual mean. ‘6) For a site 
with 15 mph average wind speeds, a wind 
turbine would be rated at about 18 to 
20 mph. 

Seventh, and finally, buildings, 
mountains and other oabstructions can 
cause wind conditions favorable or wn- 
favorable for use. The tunneling effects 
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Typical Annual Energy Output of Wind Systems 

















between buildings and in mountain val- 
leys can provide strong, steady winds, 
as can convection currents which form 
on high walls. Figure 9 shows the 
effects of several kinds of obstructions 
on the potential for wind generation. 


Once you know the average wind 
speeds on the site or at various loca- 
tions of the site, you consider the ap- 
propriate size for a system. The 





following table (Table 1) gives an ex- 
ample of the output that may be expected 
from various wind speeds. It further 
gives an approximation of initial cost, 
even though every installation will vary 
with type of tower, height, amount of 
local labor available, and so on. 

As a rule of thumb, the rated wind 
speed should be about 30% higher than 
the average wind speeds so that you may 
take advantage of the power in the wind 
moving faster than your average. The 
best way to size the wind system for 

















Table 1. Expected Output of Wind Systems 
Rated Capacity Rated Wind Speed Propeller Diameter Approximate Cost* 
-2 kw 23 mph 7° 800 
-5 kw 24 mph 6’ 1,500 
1.0 kw 25 mph 84" 3,000 
1.5 kw 25 mph 8° 4,000 
2.0 kw 25 mph 13° 4,000 
2.5 kw 40 mph 8° 4,000 
3.0 kw 27 mph 14,5' 4,500 
6.0 kw 26 mph 16.4" 8,000 
10.0 kw 25 mph 25’ 15,000 
15.0 kw 26 mph 25° 20,000 
20.0 kw 28 mph 25° 20 ,000 


"System including tower, etc. 


Rated Capacity: In order to compare different sizes of wind electric systems, all 


manufacturers provide an output rating called the rated capacity. 


Since the out- 


put varies with wind speed, the output is given in conjunction with the rated wind 


Speed. 
ingless without the other. 


In other words, either ame of the first two columns in the table is mean- 


Rated Wind Speed: The rated wind speed qualifies the rated output or rated capacity. 
To read the table, say “System number one is rated at .2 kw (200 watts) at a wind 


speed of 23 mph.” 
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Figure 9. Effects of Obstruction on Potential for Wind Generation 
A - The house is diverting the windstream above the generator, which should either be 
raised or mved. 8 - Again, the building is diverting the wind stream from generator 
1, actually increasing the windspeed for generator 2. C + Obstructions cause wind 
turbulence whether they are in front of or behind the generator, as here. The mast 
should be extended 20-30 feet above the trees or sited 300-500 feet away from them. 
D - Boundary considerations may rule out the best sites in hilly country. #1 is the 
ideal; it benefits from all wind directions. ‘#2 is not recommended; #! is a good site 
for wind coming from two directions only. 
(Source: Peference (5)) 
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your site is to have complete data. in 
the example given above, the 2 kw sys- 
tem is probably well suited for average 
witd speeds around 19 mph. 

Other considerations are discussed 

below: 

l. ‘now what maximum winds you can 
wmpect. Systems are assessed 
for their ability to withstand 
certain gusts and no more. 
Towers must also be constructed 
to withstand the wind. 

2. Remember that various electri- 
cal systems may utilize the 
energy generated by windmills. 
Some lights and appliances that 
run on DC are available; battery 
storage systems are *xpensive 
but important for remote appli- 
cations. The best suited sys- 
tem is probably a synchronous 
inverter so that nearly all 
(95%) of the electricity gen- 
erated may be used or stored 
in the local utility's grid 
(refer to Storage and Grid iIn- 
tegration, Section VIII) _ 

3. Prices change very quickly, so 
At is best to check with manu- 
facturers directly. For in- 
formation on dealers, check 
references such as the &nergy 
Primer. ' 

4. Generally, each usable 1,000 kwh 
per month of wind generated 
electricity will cost about 
$3,000 to install. Check your 
Gemand calculations using Tables 
1 and 2, Appendix B. A refri- 
gerator (15 cu. ft.) draws al- 
most 100 kwh per month. Add a 
small TV, radio, clothes washer, 
and lighting for five to seven 
rooms, and your electrical de- 
mand is about 300 kwh per month, 
then you can expect to spend 
close to $3,000 -- depending on 
available wind, tower height, 
and other features. The cost 
of electricity in your region 
is a major factor in making a 
Gecision. U.S. electric rates 
varied regionally from 1.5 to 
ll cents per kwh in 1978. 

The figures in Table 2, clums G 
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anc H, give examples of calculated pay- 
back periods for each of the systems 
Sizec in Table 1. More accurate analy- 
ses are available from representatives 
of the wind industry, often free of 
charge. It will be helpful to contact 
the nearest wind consultant, manufactur- 
er, OF researc: group. Identifying thes 
may mean contacting the state energy 
office, the regional branch of the De- 
partment of Energy, or the American 
Wind Energy Association, Washington, D.C. 

Table 2 shows the calculated pay- 
back period in years for WECS of differ- 
ent power outputs and costs. Colum A 
shows the output for the WECS at the 
rated windspeed (Colum 8). Colum c 
gives the expected output for averaze 
windspeeds of 15 mph and sultiplying the 
output fram Column C by the number of 
hours per year (8760) gives Colum D. 
Colum E is the approximate costs, which 
when divided by 15 times Column D gives 
the cost per kilowatt hour for a 15 year 
life cycle (Colum F). For example, the 
usable output for the 0.5 kw WECS is 
1966.7 kwh/yr. Over 15 years, the 
usable output is 16,030.5 kwh and the 
approximate cost is $1,500, therefore, 
the cost/kwh over 15 years is: 

$/iwh © $1,500 * 2.024 s/h 
16,039.5 kwh 





These figures reflect no estimate of 
maintenance costs for either existing or 
newly installed WECS. 

Columns G and H show estimated pay- 
back periods in years for the systems, 
given different costs per kilowatt hours 
of electricity provided from other 
sources. The figures in Colum G have 
been calculated using a zero inflation 
rate, while those in Column F show pay- 
back with a rate of inflation in electric 
costs of 10% per year. The figures in 
Colum G were computed as follows: 

Usable kwh/year, Column D for the 
0.2 kw system are 461.8 kwh. 

Selecting a current cost/kwh of 
$0.015, we have: 

(481.8 kwh/year) ($0.015/kwh) 

= $7.23/yr. 

The system, installed, costs approxi- 





Table 2. 





Estimated Payback Periods in Years for Wind System of Different Power Outputs. 
























































‘Ap =—ss(B)CtC“‘éEYV (dD) {.) (Ff) (G) (a) 
Bo Inflation 10% Inflation 
Payback Period (yrs) P od rs 
$/kwh $/kwh 

0.015} 0.03) 0.04) 0.06} 0.10} 0.015 | 0.03) 0.04) 0.06) 0.10 
110.7} $5.3} 41.5) 27.7} 16.1 26.71 19.8) 17.3) 14.0) 10.4 
93.6) 4.8) 35.1) 23.4) 14.0) 24.6) 18.3) 15.9) 12.7} 9.3 
1.0 25 0.216 1892.2 3,000 0.106 105.7) 52.8) 39.6) 26.41 15.9| 25.8) 19.4) 16.9) 13.7} 10.1 
1.5 25 0.324 2638.2 4,000 0.094 94.0} 47.0) 35.2) 23.5) 14.1] 24.7) 18.4) 15.9) 12.8) 9.9 
2.0 25 0.432 3784.2 4,000 0.070 70.51 35.2) 26.4) 17.6) 10.6 22.0} 15.9) 13.6} 10.7} 7.6 
2.5 40 0.132 1156.3 4,000 0.231 te 66.51 57.7) 34.6 33.51 26.6) 23.9} 20.2) 15.8 
3.0 27 0.514 4502.6 4,500 0.067 66.61) 33.3) 25.0) 16.7) 10.0) 23.5} 15.5) 13.2} 10.4) 7.3 
6.0 26 1.152 10091 .5 6,000 0.053 52.8) 26.4) 19.8) 13.2 7.9 19.4) 13.7) 11.5 8.9; 6.2 
10.0 25 2.160 18921.6| 15,000 0.053 52.8) 26.4) 19.8) 13.2 7.91 19.4) 13.7} 11.5 8.9)| 6.2 
15.0 26 2.880 25228.8| 20,000 0.053 52.8) 26.4) 19.8) 13.2 7.9 19.4) 13.7} 11.5 8.9) 6.2 
20.0 28 3.075 26937.0| 20,000 0.049 49.51) 24.7) 18.6) 12.4 7.4 18.8) 13.2) 11.1 6.5; 5.9 
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maeiy $600.00, therefore, to compute 
Simple payback, Givice the cost by the 
first year savings: 





$6800.00 =110.7 years 
$ 7.13/yr. | 
: 





Accordingly, the figure of 110.7 years | 
is found under the colum for electri- | 
city priced at $0.015/kwh. Paybeckt on 
the same system at the same price per | 
Kilowatt hour for the first year, but 
given an annual inflation rate of 10, | 
will be 26.7 years -- a little less 
than one quarter the time at zero infla- 
tion. (Formulae for calculating the 
paybeck period at 10% inflation say be 
found in Appendix C). 
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INTRODUCTION 


The use of water power in 
mechanical forms is one of the 
most natural habits of the human 
race. Probably the mill whee! 
preceded the vehicular wheel as 
@ human concept. 


-Donald Carr 





Energy and the Earth Machine 


Leonardo da Vinci saw water as the 
busiest of substances. He called it 
“the element that knows no rest.” Like 
wind, water has been used to provide 
humans with energy for thousands of 
years. It provided the world's first 
highways and still serves as a form of 
cooling for animals and people suffer- 
ing the effects of warm weather. Its 
abundance is only outdone by its mag- 
nificient, raw, mechanical strength, as 
illustrated by such disasters as flood 
anc tidal wave. The absence of water 
is life-threatening. Droughts and 
fires are unhappy testimonies to the 
importance of water to every element of 
life. Almost everyone has witnessed 
the destruction caused by torrential 
floods, the subtleties of weathering 
or erosion, the power of wave motion, 
the strength and mystique of grand 
rivers, or the gentleness and swiftness 
of small streams. The power of water 
has the capacity for both destruction 
and useful work. 

Water power is a form of solar 
energy. The sun begins the hydrologic 
cycle by evaporating water from lakes 
and oceans and then heating the air. 
The hot air then rises over the water, 
carrying moisture with it to land. The 
potential energy of the water is dissi- 
pated as the water rushes or meander 
on the way back to lakes and oceans. 

Hydro (water)power is useful energy 
derived from the movement of masses of 
water. Two forces are responsible for 
the movement of water on the earth's 
surface: 1) the falling of streams 
through the force of gravity; and 2) the 
rising and falling of tides through the 
force of lunar and solar gravitation. 
Tapping the tides for usable energy is 
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generally a large-scale, capital inten- 
Sive technology and will not be dis- 
cussed here. 

The amount of energy recoverable 
from rivers, streams, and lakes is an 
enormous, almost incalculable quantity. 
It may be that only a tiny portion of 
the available water power is suitable 
for harnessing, but in the U.S. alone 
the potential has been estimated as 
tens of thousands of megawatts!2’ Recent 
Studies by the Army Corps of Engineers 
and the Federal Power Commission indi- 
cate that at least 10% of the present 
U.S. electrical capacity could be pro- 
duced by retrofitting existing small 
recreational dams.2/any park, refuge, 
or hatchery which has a river, stream, 
lake, or reservoir has a potential 
source of eiectrical or mechanical 
hydropower. 

Because water can be easily manipu- 
lated or controlled by dams, energy 
storage is less of an obstacle than in 
some other on-site sources such as wind. 
In addition, water has qualities well 
suited to complementary or “hybrid” 
systems such as pumped storage, currert- 
ly being used to aid electricity suppli- 
ers during peak demand periods. One 
study on the subject has shown that 
Denmark's periods of lowest wind activ~- 
ity correspond to northern Scandinavia's 
late spring run-off and full reservoir 
period. The Scandinavian countries are 
making plans to use water-generated 
energy to compensate for periods when 
wind-generated energy is scarce .4) 

For those looking for a source of 
“homemade” power, flowing water may 
generate a picture of easily captured, 
free energy. However, getting useful 
energy from water can be expensive, and 
there are also other factors to be con- 
sidered before damming a river or 
stream. Costs will be lower if the head 
(vertical distance the water falis) is 
relatively high, and produces a long 
fall so that all or part of the falling 
water can pass through a turbine with- 
out the need for a dam. Conversely, 
costs will be higher when the body of 
water produces a head of 20 feet or less 
and a new dam is required © ) 

Unlike wind, water power techno) o- 
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gies have never been forgotten or dis- 
regarded. It is not being used exten- 
Sively in the U.S. today due to the 
environmental impacts of large scale in- 
Stallations and the competitive advan- 
tage formerly held by cheap and readily 
available fossil fuels. The rapid de- 
pletion of world fossil and nuclear 
fuel reserves and the consequent rise 
in the price of these fuels make hydro- 
power more competitive. Advances in 
smaller scale hydro technology and the 
improvement in environmental management 
techniques are also making hydropower 
more attractive. 


HISTORY 


Hydropower may be the oldest of 
the energy generating technologies we 


discuss. The strength of water has 
impressed every generation since the 
beginning of time and was probably tap- 
ped long before recorded history. Sim- 
ple water wheels were first turned for 
mechanical processes like grinding 
grain and later for powering saws and 
other tools. 

Waterwheels themselves have become 
more sophisticated, durable, and effi- 
cient #4 hydropower technology has 
matured. Hero of Alexandria is credit- 
ed with inventing the earliest reaction- 
type turbine, ca. 100B.C. Refineme.ts 
of later technologies of the undrrshot 
wheel led ultimately to the Pelton or 
impulse turbine. 

In the early 19th century, the 
hydraulic ram was invented to use the 
power from falling water to force a 
small portion of the water to a height 
much greater than the source. Since 
no external power is needed, the hydrau- 
lic ram can be used in remote areas to 
pum water from low streams to irrigate 
fields and water livestock, as well as 
provide water for homes. Plans for 
home-built hydraulic rams and refer- 
ences for manufacturers are listed in 
the references. 

Use of water power has been wiiver- 
sal where mountain communities would 
take advantage of high head conditions 
to utilize cUrrent technologies for 
small and medium hydroelectric plants. 
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Small scale hydro technologies were 
once very important in this coumtry. 

At the turn of the century over 100 man- 
ufacturers were producing commercially 
available units, while in 1976 there 
was only one such manufacturer. 

Hydroelectricity is a relatively 
recent technology. Development, refine- 
ment, first applications, and wide- 
spread use all occurred in the 19th 
century. Most of the refining of water 
turbines was done in the first half of 
the 1800s by James Francis, Jearum 
Atkins, and Lester Pelton, among others. 
In 1882, the first central hydroelectric 
generating plant was built in Appleton, 
Wisconsin - powering 250 electric 
lights.* Though literally thousands 
of small hydropower sites were closed 
down in the following 100 years, the 
U.S. currently gets 66,817 MW of electri- 
city from its plants. In 1977, this 
amounted to 12% of U.S. requirements for 
electricity. In the mid-1930s, hydro- 
electric power provided about 30% of 
total requirements. 

Large scale hydroelectric plants 
have been developed in Canada and around 
the world. While the U.S. lost interest 
in small or medium sized plants, some 
nations of Europe, Russia, and -- most 
actively -- China continued their devel- 
opment. China now has an estimated 
60,000 hydroelectric sites averaging 
42 kw each. In the past two years a 
number of new commercially available 
medium and small hydroelectric systems 
have become available in this country, 
as the energy crisis has again focused 
attention on the potential of our small 
streams to produce power. 


TECHNOLOGY 


Most of the energy sources intro- 
Guced in these pages have both mechani- 
cal and electrical applications. Some 
have direct thermal uses, as described 
in the Solar Thermal secticn. Some 
mechanical processes can alio produce 
heat without electricity, such as using 
wind or hydropower ¢o cause heat by 
friction. 

Water has still another dimension 
that makes it unique among energy 











HYDROPOWER 





sources. Thzt is its chemical combina- 
tion of hydrogen and oxygen (H,0). Hy- 
drogen is a usable fuel, and oxygen is 
used in many energy conversion process- 
es to make them more efficient. Elec- 
trolysis is a simple process which uses 
electricity to separate water into its 
chemical elements. These elements can 
be stored in cylinders or tanks under 
pressure, then recombined in a fuel 
cell to once again produce electricity. 
This double process then makes the 
abundant water on earth a massive stor- 
age device equivalent to a 370 billion 
kilowatt battery. 

When electricity is being produced 
Guring times of low demand, the excess 
may be stored by the electrolysis of 
water and bottling the hydrogen or oxy- 
gen gas produced in the process. Hydro- 
power has as its energy source the 
potential energy of a mass of water at 
a higher elevation than the use point. 
The vertical distance (the head) through 
which the water falls is the critical 
factor in virtually all hydropower tech- 
nologies. Simply stated, the theoreti- 
cal power available in moving water is 
the weight of the water flowing ina 
given time period multiplied by the 
drop in elevation (head - in feet or 
meters) of the water!?) 

The technical formula for assessing 
the amount of energy obtainable from a 
stream is 
AViHe 
11.8 


Piexw = Qe = 
11.8 





where Pew is the theoretical power 
obtained from the stream in kilowatts; 
Q is the flow of water in cubic feet 
per second (ft3/sec}; A is the average 
cross-sectional area of the stream in 
Square feet; V is the average velocity 
of the stream in feet per second; H is 
the head; 11.8 is the constant account- 
ing for the density of water and the 
conversion from foot-pounds/second to 
kw; and e is the overall conversion 
efficiency. 

The elements of a typical hydro- 
power system include the water, any of 
the simple or sophisticated methods of 
conveying the water directly to the 
wheel or turbine, the wheel itself, the 
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discharge pipes to return the water to 
the stream, and -- in the case of 
hydroelectricity -- generators and 
batteries. 

Figure 1 is an illustration of a 
Simple, low output hydroelectric plant. 
The dam retains the water, creating a 
pond or reservoir both to store energy 
and elevate the surface of the water 
(which increases the head, therefore, 
the obtainable power). In this example, 
the water is transported from the dam 
to the turbine in an open channel. In 
other systems, the water may be enclosed 
in a conduit and put under pressure 
through gravity. This enclosed channel 
is called a penstock. A trade-off must 
be made in the location of the actual 
power house; locating it further down- 
stream permits greater head, but also 
increases the inefficiencies inherent 
in diverting the water in pipes or 
channels. 

Hydropower systems range from 
crude water wheels to massive hydro- 
electric plants such as the Grand Coulee 
Project. Water wheels, which have 
almost become obsolete, are named for 
the manner in which the moving water 
Strikes then. 

Overshot wheels (Figure 2) operate in 
a vertical plane and are turned as water 
fills buckets or vanes at the top and 
empties at the bottom. Undershot wheels 
(Figures 3a and 3b) are turned by water 
flowing mainly in its channel. Breast 
wheels (Figure 4) receive the water at a 
height equal to the center of the wheel. 
The tub wheel or rove a cuve manufact- 
ured in Budapest is the only water wheel 
currently in production. This water 
wheel turns in a horizontal plane and is 
fed by a relatively sophisticated wooden 
channel or penstock. 

The water turbine is the trim and 
Streamlined water wheel of current hy- 
droelectric technologies. Large, bulky, 
and much less expensive and efficient 
water wheels may be used for electrical 
generation by attaching a series of 
pulleys and belts to increase rgtgtional 
speed sufficient for generation.®’ Dura- 
ble and reliable water systems for 
electrical generation should, however, 
utilize high speed turbines. The water 
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turbine differs from the water wheel 
because the turbine is carefully design- 
ed so the flow of water will be steady 
and even through the passages created 
by the turbine blades. Water enters 

the passages smoothly and leaves with 
little velocity left, most of the avail- 
able kinetic energy having been trans- 
mitted to the rotor. Since the water 

is carried to the turbine in pressure 
conduits instead of open channels, 80 to 
908 efficiency is possible. The tur- 
bines are much better suited for 
coupling with electric generators be- 
cause “hey spin at a higher speed that 
is more suitable to the speeds required 
by most electric generators. 

A “run of river” plant is a power 
plant (usually hydroelectric), that uses 
the flow of the stream as it occurs and 
that has little or no reservoir capacity 
for storing water. They are also some- 
times called “stream flow” plants.© /run 


of river hydroelectric plants (because 
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turbine 


A Typical Installation for a Low-Output Water-Powerplant 


there is no storage) can only be relied 
on for a steady output equal to the 
minimum annual flow, unless there is 
battery storage or the system is con- 
nected to the utility grid. When water 
Storage is available, water can be re- 
leased at times of peak demand to in- 
crease available power. In this way, 
energy output can be controlled. 

There are two primary types of 
turbines. The two types are classified 
aS impulse and reaction. Various models 
of turbines are distinguished by the 
names of their developers or promoters. 
The Pelton (Figure 5) is classified an 
impulse turbine, while the Francis 
(Figure 6), Nagler (Figure 7), and 
Kaplan are variations of reaction tech- 
nologies. 

In an impulse turbine, total energy 
head is converted into kinetic energy 
by a stationary contracting nozzle which 
produces a jet o! water. The jet turns 
bucket-like structures on a runner, and 
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upper housing 


tailwater 





discharge pit 


Figure 5. Typical Pelton Impulse-Type Turbine Installation 


the water flows on into the tailrace. 
The head for a Pelton is measured from 
height of water surface behind the dam 
to the level of nozzle, since the tur- 
bine is not submerged. Smooth, bucket- 
generator shaped blades, struck at 90 degrees to 
the nozzle, are the most efficient. 
Reaction turbines are of two iypes - 
the Francis and the vertical flow pro- 
peller types. The propeller turbines 
are further divided into fixed-blade 
(Nagler) and adjustable-blade (Kapian) 
types. In reaction turbines, part of 
the total head is converted into kinetic 
energy and part remains as pressure head, 
which decreases as it passes through 
the turbine. The pressure builds due 
to gravity because the water flaw is in 
a closed conduit system leading to a 
restrictive nozzle. Reaction turbines 
run submerged with a continuous colum 
race = 6Grart from head rece to tailrace. Kaplan 
tube blades can be pivoted on their axes to 
either feather into the water or provide 
more lift during operation to compensate 
Figure 6. Cross-Section of a Francis for power Gemand and head fluctuation. 
Reaction-Type Turbine Installation A third type of turbine which is 
primarily for «ase with low head is the 
bulb-type (Figure 6). This type had 
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Figure 7. Fised-Blade (Nagler) Propeller Turbine Installation 
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Figure 86. Bulb-Type Axzial-Flow Turbine Insiallation 
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gone out of production in the U.S. but 
now that interest has rekindled, several 
companies are preparing to produce it. 

It is currently being tested by the U.S. 
Department of Energy in Idaho Falls, 
Idaho. It is also being used in La | 
Rance, France, in a tidal electric 
pliant. Another low head turbine is 
Banki or Michell turbine (Figure 9), 
which has been built for heads of 3 feet 
and more. These can be built by non- 
technical people on-site, following the 


the | 


= 








7 Headwater 


a eee” 


plans presented in Reference 6) Other 
new technologies are also being develop- 
ed for hydroelectric applications around 
the world. 

Choice of turbine in a particular 
installation is normally directly de- 
pendent on head. Generally, Pelton 
units are preferred for high-head ser- 
vice (1,000 to 5,600 ft.), Francis wits 
for medium heads (200 to 2,205 ft.), and 
propeller or oe units for low heads 
(50 to 289 £t.)2? 
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Arrangement for Michel] (Banki) Turbine for Low-Head Use Without Contro] 
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The current interest in low head 
hydroelectric technology stems from the 
fact that most large scale sites have 
already been used and from an inclina- 
tion towards decentralized, renewable 
energy systems. Of the hydropower tech- 
nologies, hydroelectric is the most 
efficient at present. There is very 
little use of hydropower in mechanical 
applications even though it is entirely 
feasible. Like wind electric system, 
hydroelectric systems cover a wide range 
of output capabilities, and can generate 
either direct or alternating current 
(DC or AC) that can be stored in a nuw- 
ber of ways. Furthermore, electricity 
is the most versatile form of energy and 
can be stored in primary storage system 
(batteries) as well as in such secondary 
storage systems *« «lectrolysis and 
pumped water storage. 

DC electricity requires a separate 
set of transmission lines from those 
carrying AC, and appliances must either 
be adapted or new DC appliances pur- 
chased to operate on the DC voltages. 

OC cannot be transmitted over great 
distances and must have separate storage 
if a continuous supply is wnavailadie. 
The interface of DC systems with a util- 
ity grid is possible only after invert- 
ing to Ac. 

In remote locations, hydroelectri- 
city can be stored in batteries or ina 
reservoir with control over the flow of 
water. Wo storage is required (even in 
remote locations) where a run-of-river 
hydroelectric system provides an ade- 
quate and continuous power output. 
Economic analyses show that in many 
instances it is less expensive to devel- 
op local sources of energy for remote 
locations than to tap the nearest elec- 
tric grid. These local sources are also 
often very competitive with the individ- 
ual fossil fueled generators normally 
considered, and which require frequent 
fueling and maintenance. 

The most effective fcia of storage 
for sites already connected to the 
utility grid is a direct interface from 
the hydroelectric system to the exist- 
ing grid. (See section on Storage and 
Grid Integration.) When the production 
of electricity from the hydroelectric 


| 








58 


System is greater than the needs of the 
site, the DC may be inverted to AC and 
fed into the grid. When the site's 
needs are greater than the hydroelectric 
system can produce, additional electri- 
city can be drawn from the grid system 
to provide supplemental power. 


ADVANTAGES / DISADVANTAGES 
Advemteges 


The potential energy in water at an 
elevation above sea level is one of the 
purest forms available. For those parks, 
refuges, and hatcheries that have run- 
ning water and/or lakes, the use of 
hydropower offers many advantages. 
Hydropower’s advantages are that it is: 
1) almost pollution free (cxccpt where 
contaminated before use); 2) power 
without waste residuals; 3) relatively 
easy to control; 4) high efficiency 
(60 to 90% of the controlled water 
energy can usually be converted to use- 
ful work); and 5) in the form of purmped 
Storage is in many cases a practical 
means for storing large amounts of ex- 
cess electric power for use at later 
times. 

Compared to other “clean” energy 
forms, such as wind or solar energy, a 
steady supply of energy from water is 
relatively easy to produce. In fact, 
the techniques for building dams to 
raise the effective height of the water, 
and sluice gates and canéls (or pen- 
Stocks) to regulate the flow, are well 
known. These methods for controlling 
water to produce hydropower are simple 
compared to trying to manipulate either 
the wind or sunshine to produce a steady 
uninterrupted flow of energy. 


Disadvantages 


However, harnessing water power has 
disadvantages that must be considered. 
These include: 1) initial costs may be 
relatively high; 2) damming streams can 
present ecological problems; 3) ownership 
of water rights can be a controversial 
issue, with serious legal implications; 
and 4) misconceptions still exist regard- 
ing the scale and availability of remaining 
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hydropower resources. For example, one 
energy expert has said that most of the 
feasible hydropower sites in the U.S. 
have been developed. This is true for 
large scale sites, but neglects the tens 
of thousands of small and medium scale 
sites. 

A critical misconception of re- 
searchers and decision makers is that 
hydropower utilizes a thoroughly mature 
set of technologies that need no further 
research. Until very recently, little 
federal funding has been available for 
research and development. Some govern- 
ment monies are now provided for the 
Gesign of smaller scale hydroelectric 
systems as well as for research into the 
social and environmental effects of 
hydropower systems. 

Unlike wind, hydropower technolo- 
gies have never been forgotten or disre- 
garded. Hydropower at the present time 
is not more widely used for both mechan- 
ical and electrical applications in the 
U.S. due to environmental considerations 
and matters of scale. Studies have 
shown that dams cause: 1) significant 
disruptions to local flora and faua; 

2) increased nitrogen in slowed waters 
that is unhealthy for fish; 3) flood.ng 
of valuable crop lands; and 4) altera- 
tions in the use of downstream water. 
Environmental impacts exist for every 
scale of hydropower applications where 
Gams are used or the entire flow is 
otherwise disrupted. Impacts are nor- 
mally a function of scale and are smali- 
er at the smaller scale sites. Technol- 
ogies that divert a portion of a river 
or stream are much less disruptive. 


APPLICATIONS 


Commercial units tor hydroelectric 
production may be more reliable than 
do-it-yourself systems built by park, 
refuge, or hatchery personnel. However, 
the construction of a simple wheel to 
power a p.’>, mill, of some other mech- 
afical process can be an invaluable edu- 
cational too] as well as useful energy 
source. Plants 414 homeowner kits for 
such a project are available through 


sources li*ted in Relerences (1) and (5). 


Except for unusual conditions where 





@ large river or stream may provide ade- 
quate electricity to meet all the needs 
of a park, refuge, or hatchery, hydro- 
power applications would be supplemental 
to existing sources. Water can be 
stored in a lake or pond and controlled 
by the conduit or channel size, sluice 
gates, or adjustable nozzles. This 
control permits a more predictable and 


steady power output. 


Electrical Applications 


The energy output is more usable 
when converted to electricity and used 
for the following applications: 

1. Direct grid subsidy -- using OC 
or AC generation to make the 
hydroelectric system essential- 
ly a “negative appliance” which 
reduces electric4!l demand from 
the grid. 

2. Battery storage systems -- for 
remote applications where grid 
interface is not possible. 

3. Charge batteries for electri- 
cal vehicles. 

4. Inversion to AC to subsidize 
general electrical require- 
ments. These requirements may 
include powering lights, appli- 
ances, communications equip- 
ment, and machinery. 

Electricity produced locally may be 
used to charge batteries for electric 
vehicles, or sold to concessionaires 
or the local utility if production out- 
Strips demand. Wydroelectricity can 
power pumps to irrigate dry land for 
better crop production. In addition, 
the electricity from low output genera- 
tors can be used to rum motors in sewage 
processing plants or devices tc stir 
stagnant water for aquaculture. 


Mechanical Applications 


Mehanical applications may als. be 
considered in the interest of saving 
electricity from other sources. These 
inciude: 

l. Milling, either for grinding, 

grain or cutting wood. Mili- 
ing is the best proven of the 
mecianical applications. 
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2. Because water can be controlled 
so that its power output is pre- 
Gictable, hydropower can be 
directly used for such mechan- 
ical purposes as driving small 
industria. tools. 


3. Water pumping and ciculation 
is feasible for domestic uses 
or for irrigation, land recla> 
ation, and fishery applications. 
4. Compressing air for industrial 


or agricultural applications. 


In reviewing the above applications, 

care must be taken to: 

l. be certain Gemand has already 
been reduced to its absolute 
minimum. The least expensive 
form of new energy is that made 
available through increased 
efficiency and conservation. 





- - ee ee ——_ —- <r 


2. be certain that anticipated con- | 


sumption increases are includ- 
ed in planning. Addition of 
new facilities or increasing 
the use of existing apes may 
cause am increase in demand for 
services and hence for energy. 
This should be anticipated in 
the planning process. 

If you plan to utilize the general 
grid subsidy alternative, you need only 
to know your total amount of electrical 
Gemand (see section on Storage and Grid 
Integration). However, if you plan to 
use hydropower for a specific electrical 
purpose use Tables 1 and 2 in Appendix 6 
to compute ine size system required. 

The remainder of this discussion 
will focus on eiectrical applications. 
If current or projected energy conswp- 
tion at your park, refuge, or hatchery 
can be met ir part by mechanical hydro- 
power processes, check with manufactur- 
ers listed in the References. 


F. REQUIRED ENVIRONMENTAL 
CONDMONS 


Environmental conditions required 
for producing hydropower at your site 
include the following: 

1. A river, rupning streas, an 

elevaved lake or storage tank. 


«hydroelectric plants. 
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2. Am area reached by running water 
where the following items can be 
installed without adversely af- 
fecting the park, refuge, or 
hatchery: 

a. Equipment to convey water to 
the turbine or water wheel, 
such as a canal or penstock 
and the necessary sluice gates 
or pipe fittings and valves. 
The turbine or water wheel 
and their discharge piping 
or Graft tubes. 

An electrical generator. 

Any indirect connection be- 
tween the turbine or water 
wheel and generator, such as 
belts or gears. 

Access for transmission lines 
between the generator and the 
point of use or connection to 
the electric grid. 


If a review of possible hydro- 
electric applications and an vxamination 
of current and projected electrical needs 
suggest that you should pursue the poten- 
tial at your site, begin here. You must 
know and use several general criteria, 
but any Gecision will ultimately be based 
on site-specific observations. 

For example, the Army Corps of En- 
gineers has identified 47,000 existing 
Gams in the U.S. which could accommodate 
Your park, refuge, 
~t hatchery may contain one of these 
idgentified sites, and its production 
potential may already have been calculated. 
You should check with your local Army 
Corps of Engineers’ office before taking 
further steps. Also, check for survey 
and any other records that may be avail- 
able through the Department of Interic , 
the local electric company, and the local 
land office. 

To determine the power potential at 
your site, consider the following factors: 

1. Power available is directly de- 

pendent on how far the water 
falls, called the heed of the 
etream or river. 
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2. Power available is also related 
to the agowt and velocity of 
the water in the stream, called 
flow, or usable f ow. 

3. Finally, the availability of 
water on af annua. oasis is 
important for sizing a wit. 
Streams that are Gry such of 
the time are rarely good loce- 
tions for hydropower facilities. 
Do mot consider reservoirs, 
rivers, streams, OF Springs 
that are dry gore than a occe- 


sional day or week in the course 


of a year. 

Other general information may be 
gathered from local electric caompamies 
which are familiar with the region, 
though not necessarily with your site. 
If you have mo idea whether or not « 
suitable hy¢rapower site exists on your 
park, refuge, or hatchery, large scale 
topographical maps of the area may be 
helpful. 

Once you have addressed the speci- 
fic factors related to your electrical 
Gemand and are familiar with the gener- 
al criteria for good decision-making, 
you should go to the potential site 
and take measurements. 


' 






AT al. 


MEASURING HEAD 


Figure 10. Measuring Head 
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Calculating Head 


First, check available sources to 
Getermine if the site has already been 
surveyec. If the check with the Corps 
of Engineers, Department of Interior, 
and local sources fails to produce survey 
information, and if you can afford the 
expense, have 4 surveyor measure the 
heacd. If the site has not been surveyed 
and you canmmot afford « surveyor, you 
may make 4 Simple measurement of the 
head yourself as shawn 1" Figure 10. in 
the calculations, the -orrect number to 
use for the head is We vertical distance 
from where the water will enter the pipe, 
canal, or conduit to where it will be 
ejected by the turbine or water wheel. 

The tools to be wed for mea sting 
head as shown in Figure 10 are 4s ar- 
penter’s level, @ stand (tripod or 
Sawhorse), and a measuring tape. The 
procedure is as follows: 

1. Set the level on the stand. 
Make sure that the level is 
horizontal (level of perpendi- 
cular to gravity) and at the 
Same elevation as the water 
source 
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2. Sight along the level to a spot 


om 8 nearby abject wild can 
be reached for measuring. 

3. Save « partoer measure the 
wertical distance from the 
point sighted (A) to the base 
of the abject (8B) and record 
this nweer. 

4. Repeat this procedure wtil 
you end @ at the sa level 
as the proposed power plant 
site. 

5. If more than ome set-w@ was 
required, ad¢ the distances. 
The sw of these distances is 
the head. 

Remeeber, you are simply taking 
the sum of the elevation differences 
from the water source to the turbine 
site. Yow need not be concerned with 
horizontal distances for Getermining 
head. You need not travel in a straight 
line. Yow should reset the level as 
close to the point 8 elevation as possi- 
ble (sight beck to deck). For heads 
of 25 feet or less you should be as 
accurate a8 possible. In these cases, 
hiring @ surveyor is aeévisabie. 


Calculating Fic 


First, be certain the flw of the 
Spring or stream has not already been 
measured. Scrapped plans or designs for 
a Gefunct system are possible sources 
of information. Grech with people 
living near the stream or river. it is 
wiikely that flow measurements have 
been taken, Dut even estimates say help 
you make your calculations. 

Measurements shuld be taken G@uring 
the dry or sila season, SO the Sininu 
Gontinvous output for the hydropower 
system may be calculated. 

Spring or small stream flaw may be 
calculated as follows: 

i. Dam @ the epring and divert 
its flow through «@ single 
apening. 

2. Place «a 5 gallon container be- 
neath the opening and carefully 
Gount the number in) of seconds 
required to fill it completely. 

3. Then the flow (9) is: 


Q = S get x 0.1337 ft? ‘eet 
nm sec 





= 0.6685 fr? 
nm sec 
 M/R. ease 





or 


Q@ = S gal = 0.1337 = 60 secymin 


ec 





= 40 fr} 
mn min 
—_<=-sap 


‘Note: The lines dram through the 
symbols for gallionsigal) and other mits 
of measure show that they cancel). 





Example: If the number in) of seconds 
to fill the container is 25 second, 
then 
Q = 0.6685 ft? = 0.02676 ft/sec 
25 sec 
or 


2 = 40 ft) smn = 1.6 fe} /mir 


25 





A fairly accurate, reasonably sir- 
ple procedure for determining the flaw 
of large streams is the following: 

1. To Getermine the cross sectian- 
al area (A), select «a miform 
easily seasured spot aiong te 
stream. Measure the widih (#) 
of the stream. Use a yaradstice 
or @ longer greduated pole to 
measure the Gepth at equal 
intervals along the cross- 
section of the stream. Record 
the depth at each interval and 
take the everege. 

Example: Let Wel0.2 ft; Dynl.o ft; 

Dyel. > ft; Dyel.? ft; and Ogr0.6 ft. 
The @epth (dD) is 1.0 © 1.5 ¢ 3.7 * 0.8 
‘4 


* 5.9 = 2.25 ft. and ae Ou 
4 





* 3.25 ft 2 10.2 ft © 12.75 fre 
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2. To Getermine the strem veloc- 
ity (Vg), Goose a stretca of 
the Mannmel which is relatively 
straigot and free of cbstacles 
suc as sand bars or large 
rocks anc: a) sark off two 
goists 25 feet (4) apart: 
bt) om opposite sides of the 
stream Grive two stakes (see 
Figure 11); cc) tie a line 
between each) opposing set of 
States; anc ¢) have someone 
Grop « floet in the middle of 
the stream at the upstream line, 
anc cowit the number of seconds 
(t) it takes the flost to reach 
the Gwnetrem lve. 

The equation used for calculating 

the streas velocity is 


. 4 x 0.8 

t 
where ¢ is the Gistance between the 
lines, t is the time required for the 
ficet to trevel thet distance, and 0.8 
is a coefficier* that compensates for 
the fect thet weter near the bottc aes 
mot travel as fast a6 the water at the 
surface. 


| 


Example: If d= 25 ft med t = 6 sec, 
wer, 


%. * 25 ft z 0.6 = 2.5 ft/sec 
& sec 








Of, Convertec to ainutes, 


Ve * (25 ft) (60 sec/mis) (0.8) 
& sec 


* 350 ft jms 


Therefore, the flaw (9) for this 
larger stream is 





= Aa v= 12.75 €t2 «2 2.5 ft/sec 


- 31.88 ft?/se- 


Usable Fic 


Becave only @ portion of the entire 
stream ray be wed to generate electri- 
caty, the totel flow must be converted 
to weable flow. Just how auch of «4 year 
rownée stream may be safely Giverted Ge- 
pencs wor the Gierecter of the indcivid- 











Figure il. The Flost Method of ®esur: 
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ual stream itself. As a good working 
figure. plan on diverting no more than 
25% of the total flow during the dry 
season for energy development. There- 
fore, to compute total flow (Q) into 
usable flow (Q,,) multiply Q by 0.25. 


Example: Q,. = Q x 0.25 


= 31.88 ft3/sec x 0.25 


= 7.97 ft?/sec 


The most accurate calculations of 
flow are made by constructing a4 weir. 
A weir is built across the stream like 
a Gam with a notch of certain dimensions 
cut out. (See Figure 12.) It isa 
somewhat difficult construction task, 
but is considered essential before a 
larger hydroelectric site is seriously 
considered. Once the weir is in place, 
measurements may be taken over time. 
The weir method is described in detail 
in Reference(7) 


Power 


Once the above calculations regard- 
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The theoretical horsepower (P+r},) 
available from the water is: 


Pth = Qu x 
8.8 

where 2, is the usable flow rate ir 
cubic feet per second (ft?/sec}. 4 is 
the head in feet, and 8.8 is the cor- 
rection factor for the units)’ 

Example: With the usable flow 
computed above (Q, = 7.97 ft3/sec) and 
a head of 25 feet, then 





Pe, = (7.97 f£t3/sec) x (25 ft) 
8.8 


= 22.04 hp - 


Converting theoretical horsepower into 
electricity in kilowatts we have 





Pexw = (22.64 bp) x (0.746 kw/ep) 


= 16.869 kw 
as ae 


For direct conversion to theoretical 
electric power, use: 


P = x 
ing the stream characteristics have been tw ax 
performed, the potential electrical power 
available at the site can be computed as 
follows: 

Depth Stake 
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Example: 
Pex, = (7.97 ft3/sec) x (25 £*) 
11.8 
= 16.89 kw 








If the flow is measured in liters 
per second and the head is measured in 
meters, the formula for finding power 
in kilovatts becomes: 


101.8 


For example, if the head is 10 
meters and the usabie flow is 600 liters 
per second then: 


Pexw = (10m) x (600 1i/sec) 
101.8 





= 58.94 kw 
ares ts 


The theoretical power must be re- 
duced by the expected losses in the pro- 
posed system. These losses include fric- 
tion in pipes or channels, efficiency ot 
the conversion system, etc. Precise 
measurements would be found when re- 
searching available hydroelectric sys- 
tems. However, for now, you can esti- 
mate that with available technology, 
conversion efficieacies will be on the 
order of 50 to 70% of the theoretical 
power. For economic analyses, use 50%. 
If your calculations show, for example, 
that che minimum continuous theoretical 
power output of your site is 20 kw, for 
the purpose of economical computation 
you should use 10 kw. 

To make a final decision on whether 
or not to in*tall a hydroelectric system 
at your site, you must concider the 
following information regarding the 


proposed site: 


1. conversion efficiencies 

2. type of storage and its maxi- 
mum capecity 

3. rated output (maximum) of 
system 

4. cost and payback period. 


The power outputs from commercially 
available systems range from 0.125 kw 


| 








(125 watts) to 250 kw. Most of the sys- 
tems available in the U.S. are in the 
micro scale (0-10 kw) range. However, 
some manufacturers will custom build 
systems to any scale. 


Table 1 gives some examples of 
various size systems that have been 
recently installed, or which are commer- 
cially available at the approximate 
price indicated. The indicated prices, 
however, May Or may not include the cost 
of building a dam and/or diversion sys- 
tem. 

Table 1 shows estimated payback 
periods in years for hydroelectric sys- 
tems of different power outputs. Colum 
A shows the rated power of the system; 
Colum B gives the approximate cost to 
install the system at present (1978) 
prices; and Column C gives average out- 


_ put per month in kwh for each system. 
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The figures in Colum D show the cost 


| per kwh of output over a lS-year period, 


based on the information in the first 
three colums. For example, the 2.0 kw 
Pelton system produces an average of 
1,080 kwh/mo (Column C). Over 15 years, 
it will produce 1,060 kwh each month, 
12 months a year, for 15 years, or: 

(1080 kwh/mo) x (12 mo/yr) x (15 er) 


= 194,400 kwh. 


Cost per kwh over the 15 year period 
will be 
$4, 300 
194,400 kwh 


$.022/kwh 





These figures reflect no estimate of 
maintenance costs for either existing 
or newly installed hydroelectric systems. 
Columns E and F show estimated pay- 
back periods in years for these systems, 
given different costs per kwh of elec- 
tricity from other sources. The figures 
in Column E have been calculated for a 
zero inflation rate, while those in 
Column F show payback with inflation in 
electric costs estimated at a rate of 
10% per year. The figures in Colum E 
were arrived at as follows: Usable 
kwh/mo (Ceiumn C) for the Pelton system 
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are 1080 kwh/m. Selecting a current 
cost/kwh of $.015, we have 


(1080 kwh/mo) x ($.015/kwh) x (12 mo/yr) 


= $194.40/year. 

Installation of the Pelton costs $4, 300. 
To compute simple payback period, this 
is divided by the first year savings: 


$4, 300 = 22.11 years 
$194.40 


Accordingly, the figure of 22.11 years 
is found under the column for electricty 
priced at $.015/kwh. 
System at the same price per kwh, but 
given an annual inflation rate of 108%, 
will be 12.2 years - a little more tha: 
half the time estimated using a zero 
inflation rate. (Formulae explaining 
the estimation of costs with 10% infla- 
tion may be found in Appendix C.) 

If funds are available to install 
a hydroelectric system, the figures in 
Table 1 show that an inflation rate of 
10%, which is close to that actually 
being experienced at the present time, 
has a significant effect on the length 
of the payback period. This is espe- 
cially true for the smaller systems. 
Final economic decisions should take 
into account the likelihood of contin- 
ved price rises for electricity gener- 
ated by the use of fossil and nuclear 
fuel. 


ACTION REQUIRED 


Once you have determined that there 
is a potential hydroelectric site at 
your park, refuge, or hatchery, and the 
amount of usable flow available, then 
the following steps should be taken: 

l. Determine water use rights. 

2. Determine the environmental 
impact on the surrounding and 
immediate area. 

3. Determine if: a tie-in to the 
local electric grid is more 
advantageous; the new system 
can handle all your electrical 
needs; only a certain remote 
section of the park, refuge, 
or hatchery can best be powered 
by the new system; or if a 


Payback on the same 


battery storage system is re- © 


guired. 
Again, if a remote section of the 
park, refuge, or hatchery is to be 


| powered by the hydroelectric systen, 


then use Tables 1 and 2 in Appendix B 
to determine the power requirements. 
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Table 1. 
Estimated Payback Periods in Years for Hydroelectric Systems of Different Power Outputs 
RATED POWER APPROXIMATE USABLE COST/kwh (E) PAYBACK PERIOD (yrs) (F) PAYBACK PERIOD (yrs) 
(Max in kw) COST {Inst) kwh/mo| OVER 15 yrs w/current $/kwh (no inf1) w/incr $/kwh (10% inf1) 
(A) (B) ({($) (C) (D) {$) 0.015) 0.0 0.04; 0.06 {0.130 0.015; 0.03) 0.04} 0.06} 0.10 
0.5 4000 270 0.082 82.3 41.2 | 30.9 20.6 (12.3) 23.3 17.1 |14.8 em 8.6 
2.0 4300 1080 0.022 22.1 11.1 | 8.3 5.5 3.3) 12.2 7.8 | 6.3 4.6 3.0 
| (Pelton) | | 
| a | 
5.0 8500 2700 0.017 17.5 | 8.7 6.6 4.4 2.6) 10.6 6.6 ee 3.8 2.2 
(Cross fl 
low head) | | 
—4 ih 
12.0 9000 3600 0.013 13.9 | 6.9 5.2 3.3 Pr) 9.] 5.5 | 4.4 3.2 2.0 
(Pelton) | 
= 
; 
| 18.0 16000 7200 0.012 12.3 6.2 4.6 3.1 1.9 8.4 5.0 4.0 2.8 1.8 
(Turgo) 
25.0 22200 10080 0.012 12.2 6.1 4.6 3.2 1.8 &.4 5.0 4.0 2.8 1.8 
(Turgo) 
40.0 28000 12240 0.012 12.7 6.4 4.8 3.2 5-9 8.6 §.2 | 4.1 2.9 1.8 
(Banki) 
250.0 113000 100000 0.006 6.3 3.1 2.4 1.6 j|11.3 5.1 2.9 2.2 2.5} 21.3 
(Cross moO mo. 
flow) | 
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Our particular star is 
thought to have originated 
between eight and ten billion 
years ag0 and its present rate 
of output, approximately 3.8 x 
102? kilowatts, is caused by 
the conversion of mass into 
enercy at the rate of some 4.7 
million tons per second. 

It is expected to continue 
to emit radiant energy at this 
rate for another four billion 
y s, 30, for al] practical 
purposes it is the only perpet- 
vally renewable source of energy 
which the planct Earth possesses. 


John J. Yellortt 
Enerayu Primer 


in one sense, solar energy is the 
only source of energy we have, on-site 
or not. The energy derived from fossil 
fuels, wind, hydropower, or from diges- 
tion of plant matter can all] be traced 
back to the powerful center of the solar 
system. Although the solar energy re- 
flected by clouds is mostly lost to our 
use, the energy absorbed by lower levels 
of the atmosphere warms the air and 
causes temperature differentials which 
generate winds (see Section 1, Wind). 
The solar energy that plants absorb may 
potentially be converted into food 
energy or other forms of usable energy, 
such as fuel generation (see Section V, 
Biomass). Solar energy absorbed by the 
oceans causes water to evaporate and 
starts the hydrological conversion cycle 
(see Section 11, Nydropower). Plant 
absorption also produces combustible 
materials such as trees and brush and, 
after long-term decay and geological 
change, the fossil fuels. 

Respect for and fascination with 
the sun are at least as old as man's 
recorded history. Its awesome power 
and abundance have made it the center of 
religions and cultures, and the center 
of attention for tinkerers and design- 
ers interested in directly tapping its 


' 
' 
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energy for man’s uses. The sun is now 
the center of attention in energy re- 
search and development in government 
and in a rapidly growing solar industry, 
by some measures the fastest growing 
industry in the U.S. today. 

There are three primary pro-esses 
through which solar radiation is used: 
solar chemical, solar electric, and 
solar thermal. The chemical processes 
are probably the most important for 
human advantage, because photosynthesis 
(a chemical process) allows certain solar 
radiation wavelengths to cause carbon 
dioxide and water to unite with soil 
nutrients to create the plants and 
oxygen that sustain anima! life. So far, 
man has made little direct use of these 
chemical processes except in photography. 
Solar electric devices are man-made, 
Since nothing in nature has yet been 
discovered that converts solar radia- 
tion directly into electricity (this 
process is discussed further in Section 
VII, Photovoltaics). Solar thermal 
processes convert the sun's radiation, 
or insolation, into heat. Though the 
principles of capturing the sun's rays, 
storing it, and using it to support 
animal needs are apparent in nature, 
human devices have been designed and 
refined to allow the controlled use of 
solar thermal processes. The active 
processes that permit hot water and 
space heating, for example, are the 
subjects of this section. 


The basic concepts of solar energy 
have been known and used for thousands 
of years. Focusing mirrors were used to 
start solar fires over 2,500 years ago -- 
fires for cooking, making sacrifices, and 
destroying an enemy's fleet of ships. 
For millenia, the sun has been used as 
the primary source for heat, illumination, 
plant nourishment, and the measurement of 
time. Since about 100 years ago, the 
sun's rays have been tapped purposefully 
and directly for such uses as distilla- 
tion, low temperature hot water heating, 
and steam generation. Printing presses 
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Gdriven by solar radiation and water 
pumps powered by steam were running in 
the late 19th and early 20th century. 
In less severe climates where water 
rarely freezes, inexpensive solar hot 
water heaters have been commonplace for 
decades. Interest in solar technologies 
has intensified from time to time, de- 
pending on fluctuations in the avail- 
ability, use, and costs of competing 
energy sources such as coal, oil, 
natural gas, and electricity. The most 
recent increases in fossil and nuclear 
fwel prices have spurred growing inter- 
est in direct solar technologies like 
never before. Funds spent on research, 
production, and advertisement by public 
agencies and private companies have 
increased dramatically in the past ‘ive 
years. Government expenditures on solar 
research and development are still out- 
Stripped by its support of fossil and 
nuclear technologies, but the gap is 
Slowly closing. 

Many Older solar technologies have 
been refined and the orincinles of solar 
thermal processes have been applied to 
new and promising systems of capture, 
Storage, and use. The numbers applied 
to the vast potential of solar energy 
systems to meet the needs of mankind 
are virtually unimaginable: the solar 
energy received at the earth's surface 
in one day is more than ¢ *»ousand times 
the amount used by the «tire human pop- 
ulation in that same tive frame. Efforts 
to capture even a fraction of that energy 
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are only expected to continue and in- 
crease. 


TECHNOLOGY 


Solar thermal technologies fall 
into two broad categories, active and 
passive systems. Those that use few 
motors, chemicals, or energy-intensive 
hardware are called passive solar 
technologies. Examples of these are 
attached greenhouses ured to sunplement 
the heating requirements of a building 
and plain south-facing windows which 
permit the sun's radiation to enter a 





building durin a winter day but prevent 


the radiation’s entrance on summer cavs 
by an awning or overhang. More informa- 
tion om passive solar technology is 
included in the Buildings section of 
the Planbook. In many cases, passive 
solar technologies are as cost effec- 
tive as conservation and retrofit 
practices and should be considered in 
any plan for solar energy investment. 

The solar thermal systems discussed 
in this section are active solar 
systems. That is, they require certain 
“hardware” to collect and store solar 
eneray, to automatically call for back- 
up heat or hot water when sunshine is 
inadequate, and otherwise to increase 
the efficiency of the processes of 
solar enerqay use. Active solar thermal 
technologies retuire initial capital 
investment that is normally higher than 
conventional space and water heating 
technologies, but they run fuel-free 
for the life of the system and in many 
locations are economically competitive. 

The two orirary uses of solar therr- 
al eneray systems are for water heating 
and space heating. Solar hot water 
heating processes range from the 
domestic hot water systems that are the 
most widely used and marketed to very 
high temperature solar steam generators 
used for electrical production. In 
between are industrial and commercial 
process solar hot water systems. Sace 
heating systems are currently extremely 
expensive and difficult to justify in 
net energy terms for most retrofit 
armlications. Buildings designed for 
solar space heating -- with strong 
conservation built in -- offer the best 
applications of space heating. 

The basic function of an active 
solar thermal system for space and/or 
hot water heating is to collect and 
convert solar radiation into usable 
energy. In general, active solar 
systems accomplish this in the following 
fashion: solar radiation is absorbed 
by a solar collector and placed in 
storage. Heat moves by a means of a 
transfer medium through heat exchangers, 
if more than one medium is used. Auto- 
matic or manual controls regulate the 
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Figure 1. A Typical Active Solar System for Hot Water and Space Heating 
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performance of each step, stopping 
or starting pumps, fans, or valves. An 
auxiliary energy syster is usually pro- 
vided to supplement solar output and to 
beck up the solar system, if and when 
it should fail. These elements or 
components of active solar systems may 
be arranged in many combinations in 
orger to increase performance or accor 
modate to site characteristics and 
architectural requirements. Figure | 
is an illustration of how the parts 
might be put together in a typical 
application. This system would provide 
both hot water and spece heating for a 
building. 

The following discussion will 
introduce you more fuily to the differ- 
ent perts of active solar systems. 


Two principal types of collectors 
are now being manufactured, the flat- 
plate type and the concentrating collec- 
tor. Fiat-plete collectors are most 
widely used for applications such as 
hot water and spece heating. where work- 
ing temperatures may be less than 180 
Gegrees Ff Where higher temperatures 
are required, advanced flat-plate 


Cover Pilate 


Passages for 
Neat Transfer 
Medi ur 







systems or concentrating collectors 
must be used. Comcentrating collectors 
imcrease the @ cunt of heat on the 
collector surfsece through the use of 
hourly, Gaily, and annual shifts in the 
sun*s position, they must be abie to 
follow the sun’s movement secross the sky. 
There are many variations of flat- 
plate collectors now being manufactured 
The beric design is shown in Figure 2 
An absorber plate, normally of biect 
painted metal, increases absorption of 
ihe sun*’s energy. It is insulate to 
prevent heat loss. West is drawn off 
through passeges for the heat transfer 
medium. A coves plate -- usually made of 
glass or plasti. film -- reduces the loss 
of energy through rerediation to the shy 


Heet Transter Mediurn 


Heat transfer fiuids now in use 
include air, water, and miztures of 
water and ethylene glycol (antifreeze) 
and propylene giycol Each has its 
Gesirable properties and its potential 
problems. Althowgh air systems Give 4 
temperature rise of 60-90 degrees F 
{higher than liquid systems), air does 
not have high specific heat or therm! 
conductivity. Water freezes at * 


Insulation 


Enclosure 


Figure 2 Functional Parts of Solar Fliat-Pilate Collectors 
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relatively high temperature and boils at 
@ relatively low one. This probles car 
be solved by adding antifreeze, Dut 
glycol solutions will break Gown into 
Glycolic ecid at high temperatures, and 
in hot water systems create a need for 
hest exchangers between the collector 
coolant loop and the water storase loo 
(see Figure 1). Since antifreeze is 
tomic, @ lest could contaminate the 
Grinking water supply. 

Water and water-mized fivuids also 
require protection sgainst “9 rosicn, a 
potentially serious probiler The vis- 
cosity. specific heat. end coefficient 
of expansion of transfer fluids ere a) 
important in assessing the thermrai 
cCapecity of the syster Variations car 
have @ major effect on the efficiency of 
4 large syster 


Purnps and V aives 


Pumps move the transfer fluid 
throug" the syster Since they wer 
eiectricity, they should be correct iy 
sized, so thet totel energy sevirgs 
from the solar syster are sot receced 
by installing writs that are to. laeroe 
“sives ere used for simmie functions 
such a6 belaencing the flow rate if the 
System of permitting drainec 


Heet Exchangers 


Meat emchangers transfer therm! 
eneray trom one @ediu® to another 
solar systems, heat transfer may be 
needed between the mediu® used in the 
collector coolant loop and the storege 
eediu®, of between the storage and 
Gistribution sedi Automobile radia- 
tors are typical heat exchangers Meat 
from the engine is transferred through 
the mediwe of water to the surrounding 
atmosphere. Solar air systems used for 
space heating Gon’t require heat en- 
changers, since heated air is blown 
Girectiy into the occupied spece Wher 
@ nontomic liquid transfer media is 
used in the coliector coolant loop, «4 
shell and tube exchanger can be weet 
Tubes for Gomestic hot water, or water 
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used for heat storage OF spece condci- 
tioning are run throug? a shell that 
holds the liquic heated by the solar 
collector. If, however, ethylene 
glyco! or another tomic substance is 
commecte? to the Grimking water supply. 
a Gouble wall is nmeeGec to protec’ 
aGainst leakege thet can occur if « 
tube fails iSee Figure 3.) In ar 
exchanger of this type. insviation is 
require’ to cut heset iocss 


Storage and Auxiliary Energy Systems 


Nest to the coliectcrs., storege 
is generally comeiceres the seconé mos* 
important elemer* of # solar syster, 
Since it must provicge Peat st night and 
on a4sys when collection of solar energy 
cannot occur Ailthoug? 
of selts heve been tested, the two most 
popular and widely used mediums fo 
storage are water held in tanks anc rocks 
heid in rock beds Many variations are 
possibile within these two types 

Typical rock bins weed with air 
systems are filled with somal] stones 2 
to } inches in diameter Since hundreds 
of tons of these stones may be needed to 
provide a whit of the correct size, 
placement can be @ probier Thermal 
stratification occurs quickly in rock 
bins, which helps in Gesiqning air 
systems for mazimur ef ficiency 

Tarts weed for weter storege range 
widely in cost and quality. Pressurized 
tanks stamped by the American Society of 
Mechanical Engineers and used in pressur- 
ite@ systems cost $5,090 to $6,000 for 
4 209 @alions of capecity, while concrete 
tents and precast septic tanks may cost 
es littie as $500 to 7890. 

Design of the storage whit ust 
take a number of factors into account 
Firet, heat tends to rise, creating 
thermal stratification within the writ 
This can be used to improve overall 
efficiency, if cold eir of liquid con: 
nections are located et the bottor and 
hot conmmections are loceted where the 
storage tends to be hot <-- eat the toy 
Second, provision must be made for 
eupantior Temperatures in the syster 


different types 
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ADVANTAGES ‘DISADVANTAGES 


As experience with solar space water anc space heating 
heating and hot water systems increases. 8. Industry standards Nave beer 
more precise information is becoming developed and are becoming 
available on the advantages and disad widely use? These include 
vantages of specific aspects of the collector efficiency standards 
technology. For instance, ina recent Geveloped by ASHRAE, installa- 
HUD publication detailing early lessons tion standards available from 
learned in the HUD residential demon- SMACNA, and standards for 
stration program, it is pointed out that residential solar applications 
10% of the collector systems in the established by HUD. These 
first two cycles of the program mal- allow more precise determina- 
functioned due to leaking. cracking, or tion of tecimical integrity and 
breaking~-- problems caused by poor work- | performance. 
manship and faulty parts The advantages | ; An increasing number of solar 
and disadvantages listed below are systems are warranted against 
general When considering installing a defects, and the warranties are 
solar system, a1] aspects of the systen increasingly comprehensive. 
should be thoroughly examined for Additional advantages common tx 
technical problems specific to the solar hot water systems are that: 
applicatior } They are currently competitive 

The advantages of solar thermal with conventional fyvels in most 
systems include; parts of the U.S. 

! it reduces dependence on )] Installation is relatively easy, 
rapidly depleting fossil and and can be performed by indivi- 
nuclear fuel: juals who have not had extensive 

é The fuel for lar system: experience. 
is free from the sur if 12. They can be accepted by most 
virtually limitless supply existing structures and 

} There are no fuel transporta conventional water heating 
tion costs, as with conventional systems, increasing potential 
fuels for retrofit. 

4 The growth of the solar industry Disadvantages of solar thermal) 
has been shown ¢ have positive technology include 
effects on both employment and l There are problems with 
the U.°* economy installation and workmanshirt 

izing and cost /payback pro- in some case: 
cedures are now well-standard- 2. There is the potential, commor 
ized within the industry. in new industries for the pro- 
Information has been prepared liferation of misleading 
that allows the consumer to information and inaccurate 

ritically evaluate solar advertising. Independent 
systems and their economi advice and analysis from 
benefits and costs. | engineering professionals is 

f A growing number of archite necessary before deciding t 
ture and engineering firms and implement a solar system 
NVAC contractors are familiar } They are often more expensive 
with design and installation than conventional systems on a 
of solar systems | first-cost basis 

} Solar systems are compatible 4 More thorough testing of 
with conventional hardware for materials and components is 
domestic and basi service hot | stil) required (syntheti 
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glazings, heat transfer fluids, | 
etc.) to evaluate performance 
and long-term durability. 
5S. Auxiliary energy systems are 
required, since 100% solar | 
systems, although technically 
feasible, are not economically 
feasible in most locations. ' 
®. Training to assure proper 
installation has been incomplete 
and inadequate. | 
Solar space heating systems, because 
of the extensive design considerations 
and installation requirements involved 
are rarely justified for retrofit. They 
are used in cold months only anc don't 
perform useful functions at other times 
of the year. 
APPLICATIONS 
The applications of the solar 
thermal technology are as varied as t*« 
amount of money available to invest in 
them Essentially, solar thermal 
processes can supply part or all of the 
enercy required to heat any amount of 
Tabie J Pnd r “atior 
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water to any temperature, The systems 
can serve as the primary source of heat 
for any size structure or group of 
structures. 

The most reliable and economically 
competitive solar thermal systems are 
desianed to work with an auxiliary 
energy system that automatically insures 
100% availability. The auxiliary system 
for retrofit applications is the existing 


electric, oil, natural gas, coal, or 
wood heating equipment. For new struc- 
tures, the auxiliary system might use 


wind, wood, electricity, or fossil 
fuels. 


Solar Therma! Hot Water 
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Applications may also be divided heating requirements, such as exist ir 
into low, medium, and high temperature | very cold, relatively clear climates 
applications Low temperature uses Mhers are those where the space heating 


would be those where wel] or city water system can be used in the summer seasor 
temperatures are raised to % r for hot water applications -- in a 
degrees fF. Sricultural ani acuecultural seasonal restaurant. for example. or a 
uses lead this list For examle, warr summer laundry. Whatever the usé ‘ 
water is used to facilitate incubatior the building, the system will only be a 
or lengthen a growing seascr Low temp- sound investment if it is destaned to 
erature applications are best met by low wm intearal pert f the structure lar 
cost flat plate collector * tor or system ts are much lower if ir rper- 
unaglazed ccllector system such as t? ‘ ated into overall] expens« for ce 
discussed in Reference (1) Applications) and cunstructior | 

in this category inc luck witming ; I 

heabern. euteihe there. or cikbare al REQUIRED ENVIRONMENTAL 


requiring year-rounc *r uct 107 . CONDITIONS 


op* imal efficiency 





Medium temperature applicat ior are Many environmental! nGitior esect 
those for most current domestic, rene t the feasibility of implementing lar 
i, @F agricultural hot water 1 it heating and oOling syster In th 
monte. "t r anc her frm ‘ ‘ tion, everal tf mos? im rtant 
oegrees I Most washing leaning ire Praiectiy ai 18 Se The additi 

showering, and } ord fal int information required ¢t perforr 
‘ , anae ~~ jabber temperatur immdaified feasibility ase i? t f 
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but some locations are somewhat more Solar Gain 
favorable for solar energy collection 
than others. This is due to variables | Solar collectors are ideally 


such as the average outdoor temperatures oriented true South, to maximize 
during the coldest times of the year, collection of the suns rays Guring tiv 
which affect both the demand for space | winter when the sun is low in the sky 
heating and the efficiency cof solar True South should be located with ar 
collectors. isogonic chart or with the help of the 


local Weather Bureau, since a compass 


Site Design ndicates magnetic South, which may 


liffer by several degrees (1 





For retrofit projects, limited in some cases). Orientation of th 
opportunities are available to use collectors as much as 15 degrees La: 
site characteristics to enhance the or West of truc outh is generally 
attractiveness of solar systems. How- permatted and not thought to affect 
ever, a review of several important performance Solar gain can be increased 
aspects of site design and configura if reflection from the ground and other 
tion that bear on solar installation: irfaces is captured. ind, sno» 
may help to identify potential applica- light-colored gravel, and other thiy 
tions. These aspects should also b« reflective surface located ad t 
considered during the early conceptual t liector an increase annual 
stag f design for new building collected energy by as much as 4 

ite design can affect solar gain, ylar Gain may be scriously reduced 
natural ventilation of the building b, : sding from chimneys, shade trees, 
ands, and t ? adjacent build ? t r pnart : 


Offset ct J ie ‘tors 


lose efficiency. 
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between 9 am and 3 pm -- the most impor- of a storage tank or rock bin located 
tant for solar collectiocz Ficure 4 below ground The water will cause 
shows a building with a@ solar array heat to diffuse more easily int t hv 


blocked by hilis and a shade tree, and Surrounding earth, drastically affect- 
another with two arrays of collectcr: ing system performance 
that are slightly offset because of the Safety considerations are ar 
building desi Both will iose effi- important aspect of solar installati 
ciency Guring certain parts of the day that should not be overlooked. Ref lx 
Furthermore, the offset collector array ted sunlight may be visually distracting 
could freeze up during the winter. to passers-by, and may ause 4 Seriou 
The possibility of shading due ¢t problem for drivers if the project fac 
future development should b« sprefully a road. ‘Ollector surfaces may heat 
considered. If future onstructior rapicgly in the winter, suSinNg accumu- 
reduces the availability of sun t tr lated snow to slide off Broken heat 
collectors, the life-cycl ost effec- transfer lines will drip hot fluid that 
tiveness of the system will be reduced - can injure people and damage building 
Since llector arrays face South, materials >ystems should be installed 
placing them in the northern part of where unwanted acces: an be prevented, 
the site will reduce the likelihood SO that vandals won’t damage the collec- 
that future off-site development sia tor surface... However, stems should kx 
shade ther Deciduous tree tanding accessible for repair and maintenance 
c the south side f a solar-heated 
naturai ventiiation 3 t mmr wher 
heating demands arc low, at present While numerous possibilities exist 
bims? ¢ barrier ¢t iat penetratior for application of solar thermal systems, 
in tt winter, when their leave have by far t.« most mr in space heat 
fails ing and provisior [ domestic or basi: 
wind ire the most variable factor service hot water. -\ rdingly. th 
t tu nsidgered if site wsign for environmental naditior affecting 
iar implementation, ince they are production will be much the same a: 
icatliy shaped and directed by top- thos« nsigered in the installatior t 
ogra mod landscape (se Wind sectior onventional HVAC aud hot water systems, 
for more detail WinGa aiter t hv with amportant exceptior The thermal] 
efficiency of solar system in several load of the building, its desian heat 
a igh winds am atfect the ] » and the indoor and stdoor desi 
tructural soundne ff rack-mounted temperatures are ritacal factors i 
collectors, and cold wind an reauce reacnit : xigme nt f the feasibility 
col!) tor fficiency, drawing ff heat { solar s&s tom The efficiency { 
that would otherwise be tore wit llector lepend mn both their 4d ar 
blows hard at the rost f a inl ma mad envy mental factors, and ‘line 6. 
cold air collects in depre } », Making bitered depending on how they ar 
midslope il awions better for oiar instailieced At tlw ite, the building 
installatior in hilly areca: arud at llectors tu take advant aa 
Buildings, fencee, walls, parapets, oft tty A47f window tre gn whict 
and contr levac may be useful a most f the solar cneraq sseful for 
windgbreat [veraremns planted to the liection must pas 
north of a building or a free-standing 
collector array will cut arctic wind lar Window 
and protect against heat los 
Evaluati 7 a2 Sit for potentia Ry iImaainit ? hy k " , a 
iY applications requir that mar er the build: r faci ty ect 
i items be onsidcer ! Presence } t pot tia] ‘Lae bhi t.,. y } 
sbsurface water at 1 ti i ’ t if wi) w f the pr t 
wsly affect t mal 4 rftor™Msa At t ' tT the w 7 t iv i 


BU 








PEST DOCUMENT AVAILA-L: 
SOLAR THERMAL — 





© ee 
drawn by the sun‘s path on June 21, the acceptable, fPut will have an effect of 
day it’s highest in the sky At the system performance. Collectorr tra 
bottom is the line drawn on December 21, [| Se tilted to effectively capture tt 
the day when it reaches its lowest point refiecti fram an adisacen: 4 
in the sky. The edges of the window are | fuildine surfa and to reduce tl 
drawn by the sun’s position at % likelihood that snow will accumu) at 
at 3 pm, the two outside limits for use- the collector surface 
ful collection. (See Figure 5.) This 
window, which changes depending on the Collector Efficiency 
latitude of the project, must be clea 
of obstructions that would shade the As discussed above under Tec? 
collectors as discussed above. the efficiency of collectors vari« 
msiderably with their design, nstru 
Collector Tilt tion, and the materials used. This 
becomes very important as the collector 
Because the decree of latitude wil! interacts with the environment For 
affect the angle at which the sun's rays example, where the temmerature of th 
reach the site, collectors must bx trar.cfer medium entering th llector 
installed at different tilts for daiffer- inlet is relatively close to that of 
ent locations. The optimum tilt for the air surrounding the collector 
collecturs is usually equal] to the (ambient air), the collector perforr 
latitude plus 15 degrees for space heat- it a relatively high efficiency becau 
ing, or the latitude plus 5 degrees for the surrounding air doesn’t hinder ¢t 
combined heating and cooling This heating proc But as the differ é 
factor influences sizing of collectors, betwooen t he« llector inlet temmeratur 
@ as will be ciscussed below under Pr: and the ambi- bir temnoerature |} reas 
duction Potential. Deviation of up ¢t *fticier ro ere tuese tor j 
10 degrees from the optimum angle i ture 41 ferentials cxziast, such as 1 
Sun's 
Jure 2] 






Sun's path 
March 3] 
W 










House with 
Solar 


Co] lector 
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colder climates, collectors with hig? As discussed above. collectors must 
design efficiencies and special materials be positioned to take maximum advant ag 
may be called for, or the system may have of incoming direct solar radiatior 
to be sized differently to allow for les Proper collector tilt can only be deter- 
efficient pe r formanc mined when the > sition of the sun is 
known for different times of the day and 
Building Thermal Load year This varies throughout the year 
and depend upon the latitude of th 
While tae thermal load of building project -- the further from the equator 
has virtually no influence m the demand and/or the higher the latitude, tl 
for domestic or basic service hot water greater the llector tialit requires 
it has @ pronounced influence mn Gemar sllector:s an use both direct ana 
for space heating lar systems pro- iaffuse solar energy. Direct raciatiorn 
viding hot water ymily may therefore be mes directly from the sun, without 
sized wm 6 Pe basis of annual ave Taq ; change of tire tion, while ia f fuse 
since demand is fairly nstant ROUG radiation is that available after its 
estimates of demand for space heating jirection has been changed by atmos 
may be basec on annual data, but a iyacy pheri wmditior The amount of solar 
in be ancreasec by usi monthly loading radiation -- or insolation -- reaching 
pata llector an be reduced by normal 
we require space heating ten limati nmditions such a loudiness, 
for buildings because tlw lose hest rain, and yes ncen’ rati ‘ 
through all of the building secti i water vapor, dust, and smoke will aj 
walls, windows and door floors and it eneray available to be aptured 
ceiling -- and because they are subject why muliaght must travel a | yer 
. ’ jue to infialtrati areca trv listance through the eart! atmospheré 
air meg needed for adequate ventiia- t reach) t fv irface, aS it do in tlw 
sof leat losses thr the wall morning and evening, its intensity at 
sections vary considerably Gey ang oF t hn te of the llectors will bh 
the cifference between indoor and out- reduced Because the sun droy lower 
wor te "pc rat iTé at iw thermal ary th ky luring winter month ’ 
resistance of a speciti building imilar variation o if na annual 
COM or t is t rv liffterence betwee! basi 
indoor and stdoor temprcrature Whe these factor sf euantafie 
increases, the transmissi ; . est imate f insolati an be made for 
through tiv tructure increas iifferent ] stions _r th] wn 
Mar mot hod sre availabie for :) La snnual basi The importance of yo} 
ting the thermal load of bulidings, siculation T hown in Tab] , pe 
because it 18 a standard requirement pared from climate and solar data for 
for maiysis of IVA requirement typical w sather vear 7 » number ‘ 
U. ities. As you car! ec, Seattle, 
Washinaton, receives only 53% of the 
3. Solar Energy Available for Collection insolation received in Albuquerqut 
Now “oxi A rlincly, t rwrot tiv 
ny erg ena , a Solart ysteom af 
The availability of solar energqy eat) s)2 ha , Leo twi ' lures 
for yl ie t ior i¢ influenced by Many , twies , officient as one ij 
factor: The sun's angle with respect Albucquerau The resultir imac 
to the Ollector surface, the latituds et at feasibility is obv.ou: 
of the project, and shifts in local Procedures for calculating avail 
atmospheric conditions al) affect able insolation are now widely availabi« 
collection potential at a given locatior Chapter 59 of the ASHRAL Appl stior 
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Banddook (4) contains clear- ay data 
that can be used for this purpose, and 
the Department of Emerzy facilities 
Solar Design Handbook (2) contains 


several other helpful estimation methods. 


PRODUCTION POTENTIAL 


Examining the potential production 
of solar systems can be an extremely 
sophisticated procedure involving use 
of computer simulation techniques that 
allow evaluation of the many different 
elements of the system, and the dynamics 
of their interaction over time. These 
procedures are discussed in Reference 
(2', @ handbook for engineering assess- 
ments. <A somewhat simplified procedure 
using the “f" chart method developed at 
the University of Wisconsin is presented 
in Reference (3). This technique wall 
be quite valuable to those who wish to 
check solar feasibility assessments and 
Gesign studies prepared by architectural 
anc engineering firms or other contrac- 
tors. Three simpler and much less 
precise methods for sizing solar equip- 
rent are discussed below. The first of 
these is a set of simple rules of thun 
now used in the trade. The second is a 
technique for sizing hot water system: 
usiny insolation date and appromimation 
of system efficiencies. thara is a 
Simplified sizing technique adapted fror 
the Installation Standards developed by 
the Sheet Metal and Air Conditioning 


= 
ine 


Contractors Nationa] Association (SMACNA) 
with HUD support (Reference (4)). 
Rules of Thumb 
(wick assessments can be made i ing 


rules of thumb, but we stress that 
variations in building design, ianstalla- 
tion, climate, and demand for energy can 
cause errors of 1008 or more. Use rules 
of thumb as general guidance only. 

Solar hot water systems are often 
Sized to bear an estimated 75% of total 
requirements. The rule of thumb calis 
for one square foot of collector for each 
Galion of hot water required per day. As 
an example, if a family of four wees an 


— — 





B4 


average of 20 gallons per person, per cay 
la total of BO gallons per day), then 60 
ft of collector will furnish 758 of 
total hot water requirements in @ sunny 
Climate. A larger collector area would 
be needed to meet 1008 of requirements, 
or to deliver 758 if the family lived in 
a cold, cloudy, windy climate. 
Considerable experience with residen- 
tial applications of solar spece heating 
systems has been obtained through the HUD 
solar demonstration program. The rule of 
thum used by the industry was that to 
supply two-thirds to three-fourths of 
heating needs, collector area should be 
25 to 508 of heated floor area, or one 
ft* of collector for every 2 to 4 fr 
of heated floor. This would mean that 
2/3 to 3/4 of heating needs for a well- 
built house of 1,200 ft in a cold, 
sunny climate could ie supplied with 500 
ft* of collector. “owever, HUD experience 
shows that, depending upon the project, 
ome {t* of collector heated as many as 9 
and as few as 2./ fy? of floor area.  "€ 
Werage Jae 2.57 ft* of fioor erea ser 
These variations 





leetor. 

result in part from different estimates 
of energy demand and system efficiency. 
The more efficient and well-insulated 
the collector, pipes, and storage, the 
smaller will be the required collector 
area. 

Rules of thumb for storage displayed 
@ Similar variation. Rock bins used as 
storage with air systems will take up 
about .5 cubic feet for each ft* of 
collector. Storage tank capacity for 
water systems is estimated at 1 to 2 
galions for each it* of collector. In 
the HUD program, liquid etorage capacity 
ranged from .9 to 6.< gallons per ft, 


AA + * 
x 


with an a’. age of 2 galions per ft*. 
Rock bins ran .4- 1.9 cubic feet per 
ft“ of collector, with an average of .? 
cubic feet per ft 


Hot Water Sizing 


A simplified method for sizing solar 
hot water systems uses annual figures for 
available scolar insolation, and ean esti~- 
mated efficiency for the solar syster. 
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Estimated conversion efficiencies may be 
obtained by talking to technical profes- 
sionals familar with solar systems or 
with manufacturers’ representatives anc 
system « ppliers. Data for annual solar 
insolation in several U.S. locations are 
presented in Table 2 (above). Figures 
for hoc water heating requirements 
should be obtained from your own plans 
anég records. If you have worked through 
the Buildings or Water Conservation 
sections of the Planbook, you may also 
have prepareé calculations of energy 

use and potential savings in this area. 

To figure the amount of collector 
area needed, multiply available insola- 
tion per eee of collector for your 
location by the percentage of efficiency 
of the conversion system. This gives a 
figure (Y) in MBtu/ft* for energy avail- 
able to heat water. Then, multiply the 
total heating load by the percentage of 
the load you want to supply with the 
solar system. This gives a figure (x) 
in MBtu for the amount of solar energy 
you'll require from the system. Square 
footege required is given by the 
formula X/Y. 

Luapple: A house in Gatlinburg, 
Tennessee, uses 19.46 MBtu annually to 
heat hot water. Looking at Table 2, we 
find an insolation figure of 564 x 10? 
Btu/ft? (or .564 x 10° Btu/ft*) for 
N-shville, Tennessee, the closest city 
to Gatlinburg. We want the system to 
provide 72% of total hot water require- 
mencs. On the basis of conversations 
with specialists, we bielieve the solar 
hot water system will be 508 efficient. 
Accordingly, we calculate as follows: If 


566 x 10° Btu/fe* x .50 
= ,282 x 10° Btu/fe2 
. Y, 
an‘ 
6 
19.48 « 10 Btu x .72 


© 16x 10° Bey 
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K/Y = 14 x 10° Brey ' 
282 & Ti Btu/ft 
= 69.6 fe? 


Based on this rough estimate, a 50 ft- 
collector array should supply approxi- 
mately 728 of the hot water .equirements 
of the house. 


SMACNA Technique 


SMACNA has prepared a set of tabies 
(rresented below as Table 7) that can be 
wees to size *s air or liquid scolar 
system. The tables were prepare? using 
@ solar system with typical efficiencies, 
and climate and insolation dat: for 
different parts of the country, to give 
conversion factors that can be used with 
@ simple formula: 


Collector Area (ft) «Design Heat 
Conversion Fac- 
tor From Table 7 





As you will see, using the technique will 
be simple, once you have obtained a 
figure for Design Heat Loss. 

Design Heat Loss is 4 term that means 
the total thermal trar sittance of a 
building in Btu/hr. It is different than 
figures for actual fuel consumption 
Obtained from utility bills and other 
records. Wowever, for most existing and 
newly designed buildings, this figure 
should have been calcu.sated when heating, 
ventilation, and air conditioning systems 
for the structure were sized and installed. 
If you cannot find the information in 
your records, there is an excellent 
discussion of the subject in keference (1) 
entitled “Building Heat Losses.” So that 
you'll be able to use the SMACNA tables, 
a brief description of the process is 
given here, with useful examples and 
several helpful tables. We'll use as an 
example a house in Oxon Hill, Maryland. 














Table 7. Solar Comversion Factors for United States, Australia, 
(Adapted from reference 4) 
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Table 7, (Continued) 
































AIR | LIQUID 
Portion of Load Carried By Solar 
— 30% | SO | 70% | 3% | SO% | 70% 
Oiler - Collector Titt 
Location jence | 37 S3| 37 SS | 37 ST | 37 SF | 37 SF \37T SB 

CANADA 
Alberta 

Edmonton oa 204 201 #“o9 9s *S4 51 °211 209 ‘97 93 «48 45 

Lethbnide ot 238 255 107 ~= 123 55 68 243 268 105 124 50 63 
British Columbia 

Vancouver 51 97 102 x 40 16 18 87 oo 29 x 15 17 
Menitobs 

Churchill 108 "152 151 ‘77 75 ‘*43 40 °157 155 ‘75 72 ‘Ss 35 

Wnrupeg 100 "150 146 ‘80 77 “45 42 °206 204 ‘97 95 ‘5! 49 
New Brunswick 

Moncton 77 122 127 53 59 25 30 120 126 = 47 Ss 21 26 
Newfoundiand 

St Johns 64 90 89 39 41 17 21 6&5 87.0 il 33 37. = s(«17 18 
Ontario 

Ottawa 83 152 162 71 78 % 44 15€ 168 ~~ 67 7% # £32 39 © 

Kapuskasg 98 119 127 53 62 25 32 115 128 48 57 22 28 

Toronto 70 121 127 55 59 28 32 120 127 49 55 24 28 
Quebec 

Montrea! 80 112 #119 49 56 22 27 0 #429119 43 50 20 24 
AUSTRALIA 

Adelaide Kt 172 «181 88 ot 54 5S 186 197 WO 97 = sé51 55 

Melbourne 32 111 §=©120 56 61 35 3846 6118 «~ «=6128~—S 55 61 30 Ke) 

Perth 28" 295 306 151 1588 95 100 323 338 153 166 39! 97 

Sydney 28° 314 332 162 #171 «2102«109«O«345S~=6367) (169-—=«(180 98 «6106 


“Use 60° tilt angie in lieu of 37°. 
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Design Heat Loss is computed with 
the formuls A x (ty - t,) > FP, where - 
the surface area of the building in ft*, 
tj - t, = the difference between indoor 
and outdoor temperatures inca rees fF, 
and R, = the total thermal res.stance or 
R-value of all sections of the building. 
To figure R,, you must add the R values 
of each component of a building section 
to arrive at the value for the whole 
section. The R values of building 
components are given in the ASHRAE 
Handbook. Several common ones are pre- 
sented in Table 3. The higher the R 
factor, the less heat is transmitted per 
hour. In performing these analyses, 
expecially for glass areas, the inverse 
of R is sometimes used, called the U 
value: U=sl/R. If you use U value in 
place of R value, the formula for 
Design Heat Loss becomes DHL = A x 
(tj - t,.) x U, which yields the same 
result as the formula stated above. 

To arrive at an accurate measure of 
a buiiding’s heat less, an estimate of 
infiltration heat losses is also needed. 
To figure infiltration, use the formula 


t.), 


Hp = CxLxQx (ty - t 





| 
| 
| 


| 
| 


where Hj is the heat loss due to infiltra-| 


tion; C is the heat capacity of air (.018 
Btu/ft3/degree F); L is total crack 
length in feet; and © is the rate of air 


leakage in cubic feet per hour, per crack. 


Useful data on air infiltration are 
given in Table V, on p. 18 of Reference 
(2). 

Finally, to make these figures apply 
on an annual basis, you replace the 
figure for (t,~- t,) with a figure based 
on annual degree days (ADD) which can be 
easily found in standard ASHRAC referen- 
ces, the Survey Manual (5), or from your 
local utility or weather station. To 
make the change, divide by (t, - t,) and 
multiply by ADD and 24, for the number of 
hours in a day. 





Examples 


Our sample home is located in Oxon 
Hill, Maryland, a suburb of Washington, 


| 
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D. C., approximately 5 miles from 
Andrews Air Force Base. It is a 4 
bedroom, 2 story colonial with full 
walk-out basement, with half of the 
base~ent wall area exposed, and half 
facing the soil. The house has an 
attached 2-car garage on the west end. 
All windows, with the exception of one 
small one, are on the north and south 
sides of the house. There are storm 
doors leading from the walk-out basement 
and from tlhe family room on the first 
floor. Both storm doors are on the 
north side of the building. The first 
floor front of the house has a brick 
face over frame construction. The house 
is a total electric home, and Maryland 
law requires that all total electric 
homes be insulated in all outside walls 
and in the floor between the first floor 
and basement, as well as 6 inches of 
insulation in the attic for the ceiling. 

lirst, we'll calculate R values 
for one wall in the residence we're using 
as an example. The wall is brick-faced 
over frame construction. R, for this 
section is computed as follows: 





Component R-value 
wall: 

Outside Air (15 mph) 17 

4" brick facing (.1] x 4) 44 

3/8" plywood 47 


3 1/2" glass wool insulation 11.00 





1/2" drywall 45 
Inside Air (s'ill) . 08 
Total (R) 13.21 

U-value (1/R,) .07 


The following table shows calcula- 
tions for the envelope heat loss of the 
heme. The first column gives the differ- 
ence between indoor and outdoor tempera- 
tures at each section, the second shows 
area in ft?, and tne third gives the R 
value of the section. Using the formula 


A x (t, - t.) 





a 
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Table 3. R-Values for Common Building Materials 
(from the ASHRAE Handbook of Fundamentals - 1972) 








(Source: Reference (4)). 


Material 





WALL & CEILING 
Hardwood 
Softwood 
Alwninun Siding 
Pluwoed (1/2") 
Gypsumbeard (1/2") 
Insulating board sheathing (1/2") 
Slab Door 
FLOOR 
Wood subfloor (25/32") 
Cork tile (1/8") 
Tile (asphalt, linolew, etc.) 
Carpet with rubber pad 
Carpet with fibrous pad 
Building paper 
COVERING 
Plaster 
Acoustic tile (3/4") 
Asphalt roll roofing 
Asphalt shingles 
GLASS 
Flat Glass (1/8") 
Insulating glass, double (1/4" air gap) 
Storm windows, double (1/4" air gap) 
Plastic bubble (skylight) 
Storm door (4" air gap) 
BRICKS-CONCRETE 
Brick, facing 
Concrete or stone 
Concrete block (solid, oven-dried) 
Conerete block (8" thick, 2 cores) 
IWSULATION 
Glass wool batt (3-3 1/2") 
Glass wool batt (S$ 1/4" - € 1/2") 
Fiberglass board 
Expanded polyurethane 
Expanded polystyrene, white 
Expanded polystyrene, molded beads 
Loose fill insulation: 
Mineral wool 
Cellulose fiber 
AIR 
Inside (still) 
Outside (7 1/2mph) 
(LE mph) 





per inch 








“a Ww 


* Includes effects of inside and outside air filme. 
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@ Table 4. Heat Loss Calculations for Sample Building 


























mente (t;-t,) Area (ft®) BR — Hly (Btu/hr) 
Wall 
- Outside air film (15 mph) 0.17 
- 4" Brick, facing (4 = .ll) 0.44 
- 3%" Glass wool insulation 11.00 
- 5" Gypsumboard 0.465 
- Inside air film (still) 0.068 
Total 49 257 sy 13.21 953 
Wall 
- Outside air film (15 mph) 0.17 
- Alwrinun siding 0.61 
- Building paper 0.06 
- 4" plywood 0.62 
- 3%" insulation 11.00 
- 5" Gypsuwrboard 0.45 
- Inside air film (still) 0.68 
Total 49 1798 R, #13. 09 6,472 
Wall (Basement exposed to air) 
- Outside air film (15 mph) 0.17 
- 8" concrete (8 x 0.08) 0.64 
- 1” air space 1.01 
- *" Gypeunboard 0.45 
- Inside air film (still) 0.68 
Total 49 S2¢. Ry = 2.95 8,704 
Wall (Basement facing soil) 
 ] - 8" concrete 0.€4 
- Inside air film (still) 0.¢8 
Total 30 S44. RR, = 1.82 12,364 
Windows and Doors | 
- Storm window v/s" air space 49 140 1.79 3, é32 
- Single pane 49 7.5 0.88 $17 
- Sliding doors (double pane, 4" gap) 49 84 1.54 2,073 
- Storm door (4" air space) 42 27 3.53 292 
- Door to garage 49 21 2.37 $34 
Total 7,468 
Floor (Basement) 
- €" Concrete (€ x 0.08) w/carpet LO €00 2.68 2,239 
- €" Concrete w/o carpet 10 €00 1.40 4,.6¢ 
Total t,vce 
Ceiling 
- Outside air film (15S mph) 0.17 
- Asphalt shingles 0.44 
- Asphalt roofing (roll) 0.15 
- 5" plywood 0.62 
- Attic air gap 0. 85 
- 6" fiberglass batt 19.00 
- 5" Gypswnboard 0.45 
- Inside air film (etill) _0.68 
Total 49 1200 —..y #22. 36 2,630 





Total Tranemteston Heat Lose = 45,296 Bt 
Seasonal or 
Annual Transmission Heat Loss (lily,) = = x24 2 ADD = 45,296 x 24 2 4224 © 93,7) mpey 


i 49 — 


Where: 24 ie number of hours per day and woo b 4,380) is the annual heating degree 


days for Washington, D. C. 
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to calculate heat loss, the figures in 
the first column are multiplied by 
those in the second and the product is 
divided by the figure in the third 
column to give a heat loss figure for 
the section in Btu/hr. 

Once the figure for heat loss due 
to transmission has been obtained, heat 
loss due to infiltration must be 
calculated. As explained above, the 
formula for this is 


Ho © Cx LxQx (tj - t.) 


and the formula for seasonal or annual 
heat loss is 


SH, =C x LxQ x 24 x ADD 


For the sample house, infiltration 
losses are as follows: 








Table 5. Infiltration Heat Losses (All doors and windows weatherstripped) 
Infiltration Hect Losses 
Length Q-Value Desion Seasonal 
Cracks arowi: (ft) (ft8/hr/ft) Btu/hr. (Million Btu) 
Windows (storm/wood sashes) 140 24 2,964 6.13 
Window (Res. Casement) 7.5 $2 344 0.17 
Patio Doors 
(Double hung/metal sash) $2 32 1, 466 3.04 
Doors, storm (2) 42 34 L259 2.61 
Total Infiltration Heat Losses 6,035 12.49 





Adding the figures for transmission and 
infiltration, we arrive at total figures 
for the design and seasonal heat losses 
of the sample house: 


Design Seasonal 
(Btu/hr.) (million Btu) 





Total Transmission 45,296 93.71 
Total Infiltration 6,035 12.49 
51,331 106.20 


Once a figure for total heat loss 
has been determined, computation of the 
required collector area using the SMACNA 
tables is relatively simple. The 
following problem illustrates the method 
used. 

Problem: Using the sample house, 
with a Design Heat Loss of 51,331 Btu/hr., 
calculate the size collector required to 
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yield a 70% annual fuel savings, if the 
collector tilt is 53 degrees. 

Solution: In Table 7, we locate 
Silver Hill, Maryland, the closest point 
to Oxon Hill. Under the liquid colum, 
we find for a collector tilt of 53 
degrees and a fuel savings of 70%, the 
conversion factor of 53. Using the 
formula 





Collector Area = Design Heat Loss 
Conversion Factor 





we have CA = 51,331/53 = 969 f£t*, which 
can be rounded upwards to 980 ft?. For 
a 50% reduction in the use of conven- 
tional fuels, the collector size would 
be 


ee ee ee 


CA = 51,331/99 = 518 £t*. 


ECONOMICS | 


Is solar a good investment for your | 
park, refuge, or hatchery? The question 
is simple; the answer is complex. To 
know why, you might compare buying | 
solar to buying a house, rather than 
renting one. 

when you buy a house, you slowly | 
but surely gain ownership. When you 
have made the last mortgage payment, the | 
house is yours, and there are no more 
payments. If you sell before paying off 
the mortgage, it is a safe bet that you 
will not lose money. In today's home 
market, you are likely to make a substan- 
tial return on your investment. To make 
@ return, however, you must take care of 


| Conventional systems are for you. 





your investment by maintaining and repair- 
ing the house. If you rent, you don't 
have to worry as much about maintenance , 
and repair, but when it comes time to 
move, your rental dollars are lost 
forever. 

Buying solar i- somewhat the same, 


with a few important differences. When 





you buy a solar system, you are concerned | 
with initial and lifetime costs. There 
are builders today who claim that their | 
costs for building with hybrid or passive 
solar systems is close to the cost of 
building with conventional heating, 


ventilation, and air conditioning systems. 
If these new systems function properly, 
you can expect a short payback period. 
Using solar energy will pay for the extra 
cost of the system in relatively few 
years. 

If however, you are looking at 
installing an active system, your initial 
costs will be higher than for a conven- 
tional system and the simple payback 
period (SPP) will be longer. You will, 
in a sense, be buying several years’ 
supply of energy at one time. With both 
active and passive systems you must be 
concerned about durability. Maintenance 
and repair costs, if higher than those 
for a conventional system, will add time 
to the SPP. However, when the system 
has paid for itself out of savings, you 
will have a free energy source. This is 
like the end of the mortgage, when you 
finally own the home. If you rely on 
conventional fuels, it would be like 
renting: there is no hope of ever 
regaining the dollars spent on fuel. 

Nonetheless, if the initial costs 
are prohibitive and the payback period too 
long, then it is not smart to install 
solar at your park, refuge, or hatchery. 
If SPP 
is 10 years and the system life is 
expected to be 20 to 25 years -- a normal 
lifetime for most well-engineered, 
durable systems -- then it could be 
considered a worthwhile investment, to be 
ranked against other conservation 
opportunities. 

To estimate solar system costs, you 
can use the dollar values for different 
components and total installed systems 
that are presented in Table 6 below 
(modified from Table 4-7 in Reference 

In using the figures for system 
costs by type, note that for smaller 
systems you should estimate by using a 
figure at the high end of the range. 
instance, a 25 ft* collector system 
installed may cost $52-5% per ft", while 


(2)). 


For 


a 1000 ft? system may cost $24 per ft?. 


“ere accurate information on system costs 
may be obtained by checking with manufac- 


_ turers or local contractors, once you 


have a general estimate of the square 
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Table €. Solar System Cost Estimates For Buildings 




















A. Subsystem Costs Fraction of Total Solar Cost 

l. Collectors and supporte 35% 

2. Storage and heat exchangers 20% 

3. Piping, controls, electrical, 45% 
and installation 

B. Component Coste Coste/ ft. 

- ollectors $5. 00-20. 00 
a. WNonselective $5. 00-10. 00 
b. Selective . $10. 00-20. 00 
ec. Collector support structure $3.00-10.00 

2. Heat exchangers $0.40-0 .80 

3. Collector fluid $0. 15-0. 20 

4 Storage tank and insulation $2.00-5.00 

$. Piping, insulation, expansion tanks, valves $3.00-6.00 

6. Pwr s $0. “0-12.00 

? Jontrols and electrical = $300-5000 

C. Systems Coste by Type Installed Cost /fté 

l. HW only (10-99 f[t*) $35-55 

2. HW only (100 ft~ audi above) $20-35 

3. Space heating only $20-40 

4. Space and BSHW heating $25-50 

é. Space heating and cooling $35-65 





wotes: 1. These costs do not inslude auxiliary energy equipment, engineering 
design and inspection, or contingency costs. 


ts 


Costs for retrofit projects are approximately 10 to 25% higher 
than the above. 


3. 8B. 7, change to = 2300-5000 to include simple controle for emall 
buildings vr residences. 


4. ft, = collector area. 
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footage you need. conventional fuels and electricity to be 
To estimate SPP for installation of replaced. 
@ solar system, you will need to know 





the following: Step two: Estimate the total annual 

l. Estimated total requirements, Savings obtained by installing solar. 
in Btus or other wnits of Example: At the location in 
measure, for the fuel you'd question, electricity is expensive, and 
replace. costs $.06 per kwh. Multiply 3995 kwh by 

2. Cost per unit of the convention- | $-U6 to give a savings of $239.70 per 
al fuels you're seeking to | year. 
replace. | 


Step three: Compute the simple payback 
period. 

Example: Simple payback period, as 
used elsewhere in these planning 


3. Total installed cost for the 
solar system. 

4. Percentage of total annual 
requirements to be supplied by 


—s< eee 





the solar system. | materials, is computed by dividing the 

Estimated annual energy requirements cost of the installation by the antici- 
should be readily available from exist- | pated first year savings. In this case, 
ing plans or records, or from other it costs $1750 to install the solar hot 
information developed in your energy water system. Divide $1750 by $239.70, 
planning process. Check especially to get a payback period of 7.3 years. 
the Energy Management Form used to eval- | 
uate Buildings and the data collection | Example 2: Space Heat Only 
sheets used to identify potential for 

© Water Conserva’.ion, from those two | Step one: The amount of conventional 
sections of the Planbeok. The cost per , fuels to be replaced. 
unit of the fuel you're seeking to txample: The model home in Maryland 
replace should also be available from | uses 93.71 MBtu/year or 27,449 kwh. A 


solar system will provide 708% of total 
requirements. Seventy percent of 27,449 
kwh is 19,214 kwh, the amount of elec- 
tricity replaced by solar energy. 


your earlier exerc've in conservation | 
planning, or from a quick check with the | 
local utility or fuel dealer. | 
Total installed cost for the solar 
system can be estimated using the cost 
Gata presented above, together with the | ~tep two: Determine the annual savings 


estimates of required collector size you obtained by installing solar. 

made in going through the Production Example: Electricity costs are the 
Potential section, above. You should same as in the first ex mple, $0.06 per 
also be able to estimate percentage of kwh. Therefore, the total savings for 


total annual requirements supplied by the | the first year is 19,214 x 0.v6 #$1152.64. 
solar system, as a result of estimating 


production potential. Ltep three: Compute the simple payback 
period. 


Lxample: Simple payback period is 
cost of installation divided by first 
year Savings. The 980 ft* collector 
reguired for the sample house would cost 





Example 1: Installed Cost 


Step One: Estimate the amount of con- 
ventional fuels and electricity to be 


replaced. an estimated $25 per square foot or a 
Example: A facility uses 19.48 | total of approximately $24,500. Simple 

MBtu or 5708 kwh electricity per year to payback would then be $24,500/1152.84 = 

heat hot water. A solar system w.ll | 21.25 years. 

provide 70% of total reyuirements. 70% 

of 5708 is 3995 kwh = the emount of | |xample 3: Hot Water plus Space Heat 
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Step one: The amount of conventional 
fuels to be replaced. 

Example: The total Btu per year 
for the sample house is 106.20 Btu/year 
or 31,107 kwh/year. A solar system 
will provide 70% of total requirements. 
Seventy percent of 31,107 is 21,775 kwh, 
the amount of electricity replaced by 
solar energy. 


Step two: Determine the annual savings 
obtained by installing solar. 

Example: Electricity costs $0.06 
per kwh. Therefore, the total first 
year savings is 21,775 x 0.06 = 
$1, 306.50. 


Step three: Compute the simple payback 
period. 

Example: The total collector 
required is 980 ft* for Space heat and 
SO ft? for hot water or 1030 ft*. it 
is estimated that 1030 ft? could be 
installed fur $24 per square foot for 
@ total of 1030 m 24 = $24,720. Simple 
payback is, therefore, $24,720 ¢ 1,306.50 | 
or 18.9% years. 


Example 4: Payback Period 


At a 108 inflation rate (present 
rate is approximately 12%) the payback 
period for the previous three examples 
would be: | 





Simple Wath 
Payback 10% 





Period Inflation 
lor Hot Water Only 8.6 6.5 
For Space Heat Only 21.25 12.0 
For Both Hot Water 18.9 11.1 


& Space Heating 





98 








SOLAR THERMAL 








l. Merrill, Richard, and i age, Thomas (Eds.). Energy Primer. WNew York: 
Delta, 1978. 


2. U.S. DCoepartment of Energy, Office of Construction and Facility 
Management, Division of Heating and Cocling. U.S. Department of 
Energy Facilities Solar Design Handbook. Washington, DC: U.S. 
Department of Fnergy, January 1978. Report No. DOE/AD-0006/1. 
(Available from NTIS) 


3. Montgomery, Richard H., and Budnick, Jim. ‘he Solar Decision Book. 
Midland, MI: Dow Corning Corporation/John Wiley and Sons, to be 
published 1978. 


4. Sheet Metal and Air Conditioning Contractors National Association, Inc. 
Installation Standards for One and Two Family Dwellings and 
Multifamily Housing Including Solar. Vienna, VA: Sheet Metal and 
Air Conditioning Contractors National Association, Inc., 1977. 


5. JRB Associates, Inc. Energy Survey Manual]. Washington, DC: 
U.S. Department of the Interior, 1977. 


BIBLIOGRAPHY 


Daniels, Farrington. Direct Use of the Sun's Energy. Westminster, MO: 
Ballantine Books, Inc., 1964. 


99 





[ 


BIOMASS 


SITE ENERGY-USING FUNCTIONS 
— — . _~ ; | 
—_, \ ’ \ 
| j . 
— Bun WNGS | 


ON-SITE GENERATION 
} Cc L 5 . | 4 
WASTE MANAGEMENT 


: 

: —/J 
z 

| 


EAT LOSS AND MATERIAL WASTES 








(eS 
i. 
= 




















@ 
ScST DOCUMENT AVAILASLE 





























Biomass is an alternative and re- 
newable source of potential energy which 
can be processed into liquid and 
gaseous fuels. Bio means biological | 
or living; mass means material. Bio- 
mass energy simply means harvesting | 
living material for energy. It isa 
renewable form of energy because bio- 
logical resources, when managed properly, 
can be harvested in such a way that they 
replace themselves at the same rate they 
are used. Biomass is a form of solar 
energy because plants are really 
natural solar systems that collect 
random solar radiation and use it to 
get nitrogen from the air and other 
minerals from (ne soil, and then or- 
ganize them into new living material. 
There are many known and proven ways 
of converting biological resources 
directly into energy for people, the 
most fundarental of which is growing 
crops for food which powers our bolies. 


To understand biomass energy, 
however, there are three aspects you 
must be familiar with: 

1. Feedstocks or sources - These 
are the types of biological 
resources to be harvested, 

2. Conversion technologies - There 
are many different techniques 
for converting feedstocks to 
useful forms. 

3}. Fuels - There are many types 
of solid, liquid, and gas 
fuels that are produced by the 
technologies. 

To determine what combination of 
feedstock, technology, and fuel is most 
appropriate for your site, you must 
assess the local conditions, resources, 
and specific needs. The following 
material is divided into four basic parts. 
The subsections op Sources and Tech- 
nologies introduce each basic type of 
biomass fvedstock, technology, and fuel. 
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The subsections on Anaerobic Digestion 
and Combustion focus on the two techno- 
logies most like)y to he useful on a 
park or fish ard wildlife site in more 
detail. They also discuss the most 
likely feedstocks and fuels for both 
Gigestion and combustion. 
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| 
INTRODUCTION | designed to treat sewage. If algae 
| growth is a recognized goal of the sys- 
The feedstocks for bicrass conver- © tem, as for energy production, the de- 
sion of living materials into usable Sign of these ponds would be msodif.ed. 
fuels come from many varied sources. Conventional ponds are usualiy two 
These sources differ in kind and in meters (6.5 feet) deep and operate at 
quality, Gepending om geographic con- @® retention time of about 20 days. ‘Tr 
centration, energy content, and collect- maximize algae production, shallower 
ibility. Such sources will be examined Gepths of abowt .5 meter (1.6 feet 
and assessed in this subsection to offer e.e@ required to allow swilight to pene- 
information on both quality and quantity trate throughout, end shorter retention 
of their access for use at specific tames (1.5 days) are Gesirable to hee; 
Sites. nutrient levels hich. ; 


Algae sewage system can serve «5 


AQUACULTURE a new renewable energy source as well 


@s 4 relatively inexpensive method of 


Aquaculture is the growing of tertiary sewage treatment. A mator 
@qguetic organism under contrclled con- constraint on algse/sewace systems is 
Gitions. It is @ regenerative method the amou't of land required. Also, it 
of food and energy production if man- may be more Gesirable to use the algae 
aced properly. Plant material harvested for animal feed rather than for energy 
from aquecu:ture systems may be weed as production. On an eres basis, the 
a feedstock for energy production. annual yield of algse may, weer some 

conditions, be 127 times more productive 

Algee is @ particularily productive thar soybeans. '* In livestock feeding 
aquatic crop. Under poor conditions, tests, this protein was determined to 
slocae are from 2-58 efficient in con- be as digestible and efficient as other 

© verting energy from ) ew into celiv- commonly used protein sources. ‘'>) 
lar chemical energy. Under ideal The National Aeronautics and Space 
conditions, they are from 20-308 effi- Administration has developed a process 
cient. 2) Forests are only about 1% for treating sewage utilizing water 
efficient in the storage of solar ener- | hyacinths. The plent cleans up domestic 
Gy. Algae grow and reproduce rapidly. _ waste water by absorbing nutrients and 
Yields “ave been reported rangin,s from other chemicals in the sewage through 


10 to 20 grams per square meter per day 
or ad | he 32 tonnes per acre per 


its root system. When hyacinths are 
grown if warm enriched sewage, they 








year. produce from eight to 16 tons of plant 
The source of nutrients for an material per acre per day (16-36 tonnes/ 

aqueculture system is an impertant fac- ha). Further research will be required 

tor in determining the cost of the sys- to make this process commercially avail- 

tem. Organic waste, particularly sew- able. 

age, can play an important role in the 

system. Sewage provides a cheap source 

of nutrients for the algae while the SOLID WASTE 

alcae perform ene Fumetson of tertiary Solid waste consists of materials 

waste treatment. that are either unusable or unwanted and 
Conventional tertiary treatment that are usually disposed of by munici- 

commonly consists of chemical precipi- pal services. Much of the solar and 

tation of phosphates and nitrates, and chemical energy that goes into the pro- 

is @ very expensive process. Conven- duction of plants, animal material, and 

tional stabilization ponds in which manufactured goods still remains in 

sunlight, algae, and oxygen interact to their solid waste. If this energy and 

restore water quality ere not designed materials could be recisimed, it would 

© to optimize algae growth since they are represent a significant increase in the 
efficiency of our overall energy and 
material use. 
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In the U.S., more than two billion 
tons oforganic wastes are generated 
each year, of which 160 million dry 
tons are collegres urban and municipal 
solid wastes. A study done in 1973 
by the National League of Cities and 
the U.S. Conference of Mayors indi- 
cated that major U.S. cities are 
virtually being strangled in solid 
waste. The solid waste problem was 
particularly concentrated in high 
energy density cities, where the 
amounts of discarded solid wastes have 
doubled in the last 20 years compared 
with « nationwide doubling in the 
past 50 years. ‘7) 

In many areas, industrial waste 
is not handled by municipal facilities 
and hence is not included in the solid 
waste figures. The separate treatment 
of industrial wastes is generally a 
good policy, because many of them are 
hazardous and require special handling. 
It is best to separate these wastes 
while they are relatively concentrated 
rather than to add them to the solid 
waste stream to be contaminated or 
serve as a contaminate for otherwise 
salvageable resources. 

The need for a comprehensive 
energy and materials recovery system 
for solid waste is apparent. Such a 
system would ameliorate the present 
solid waste disposal problem as well 
as provide a short-term energy source. 
The energy supply from solid waste is 
expected to diminish as technologies 
improve for materials recovery. 
Potential problems involve decisions 
on the type of materials to be re- 
cycled and the method of their recovery 
as well as the trade-off between 
energy and materials recovery. 

Further information on types of waste 
and energy-conserving waste management 
systems may be found in the section on 
Waste Management in Volumn I, Reference 
Manual. 


AGRICULTURE 


Agriculture is the science of cul- 
tivating land for the raising of crops. 
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Crops can serve as a source of nutrition 
for animals and humans and as a source 
of enercy. The chief crops under 
cultivation in the U.S. are wheat, 

corn, hay, énd soybeans. No crops are 
presently being grown specifically for 
their energy value. 

Energy plantations are where crops 
for energy production are grown in high 
densities and over large land areas. 
Energy plantations are at the theoreti- 
cal stage of development, although 
components necessary for their operation 
are commercially available today. ‘ The 
U.S. is the leading country in develop- 
ment of this technology. One of the 
primary advocates of the concept is 
the Intertechnology Corporation, 
Warrenton, Virginia. The Institute 
of Gas Technology, Chicago, Illinois, is 
also promoting the use of energy its i 
to provide synthetic natural gas. (10 

Since the technology involved in 
energy plantations has been proven, ‘1 
the main technical problems relate to 
the choice of the best crop and the 
availability of suitable land. The 
type of crop selected depends on ex- 
pected yield, its energy content, its 
adaptability to the physical con- 
straints of the land, and the ease 
with which it can be grown, harvested, 
stored, and transported. Site suit- 
ability depends on water availability, 
soil characteristics, and the slope 
of the land. 

Perennial plants are preferable to 
annuals as energy crops. Unlike annuals, 
perennials need not be replanted each 
year, and they can be harvested year 
round as needed to avoid major storage 
problems. Deciduous wood perennials 
are more desirable than conifers, be- 
cause the young deciduous plants grow 
faster and can be harvested more often 
and with higher yields. Short rotation 
deciduous plants have an annual yield 
three times that of short rotation coni- 
fers.‘12) unlike conifers, many 
deciduous species such as poplars and 
cottonwoods will sprout vigorously from 
stumps and can be cloned. These pro- 
perties make these deciduous species 
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easier to manage by reducing planting 
and harvesting costs. 

Perennial grasses can be har- 
vested two to three times each year 
between frosts, thus having a higher 
annual yield than most deciduous 
woody plants. However, these higher 
yields may be offset by the higher 
harvesting and storage costs of the 
grasses. Grass crops need to be 
harvested all at once and within a 
short period of time to avoid spoilage. 
They also require special storage 
techniques for preservation purposes, 





Energy plantations could provide 
a new labor-intensive renewable energy 
production industry which would decrease 
dependence on imported energy sources. 
More detailed research is needed in 
crop selection and site suitability to 
determine the location, extent, and 
type of crops involved in the energy 
plantation industry. The main question 
to be answered is whether to ure avail- 
able agricultural land for the culti- 
vation of foodstuffs or for energy 
crops. (See Table 1.) 











Table 1, Comparative Growth Rates of Various Crops 
(Source: References (13)-16)) 

Species Location Organic Dry Tons/Acre/Yr 
Hemlock Oregon 11.0 
Red alder B.C. Coast 10.3-16. 3 
Hybrid poplar Pennsylvania 4.0-8.0 
General Agriculture United States 3.0-16.0 
Reed canary grass Midwest U.S. 7.0 
Sugar cane Florida 17-22 
Cattails United States 20 
Hay United States 21 

WwooD This chemically trapped solar energy 


The U.S. is fortunate to possess 
forests which cover a vast land area. 
Forests have long been recognized as 
a valuable resource from aesthetic, 
environmental, and material perspectives, 
In the future, it is likely that they 
will be recognized as an important 
source of energy. 

A tree serves as a biological 
sOlar collector which captures and 
stores sunlight through photosynthesis, 
by converting atmospheric carbon 
dioxide into cellulose and other conm- 
plex, organic wood molecules. Because 
it is a type of solar energy, wood is a 
valuable source of renewable enersy. 





is used as fuel for fireplaces and 
stoves. Destructive distillation has 
been used to make methanol from wood. 
Pyrolysis converts wood chips, sawiust, 
and other wood wastes into energy in- 
tensive charcoal and oils. 

Although part of the forests are 
harvested for timber, a significant 
percentage of the wood and wood residues 
is unused and could become an energy 
source. However, since some of this 
forest land is amidst residences or 
parkland, it is not all suitable for 
harvesting. The great potential for 
harvesting forest land in the U.S. is 
demonstrated by the fact that only 13% of 
the land is now industrially owned. (See 
Table 2.) 
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Tab!e 2. U.5. Forest Land Acreage and Ownership by Region (1974) 
(Source: References (13)-(16)) 








Northeast Southeast West Total 
Acreage (millions) 177.9 192.5 329-3 499.7 
Federal 12.6 14.3 80.6 107.1 
State 19.6 3.0 6.4 29.0 

and local 

Industry 17.6 35.3 14.4 67.3 
Farm 51.0 65.1 15.0 2131.J 
P rivate 77.4 74.8 12.8 165.1] 





The type and amount of wood avail- | 


able and accessible to forest lands 
are factors which affect the total 
forest yield. With proper management 
and harvesting of the forested areas 
and the use of complete tree ‘:arvest- 
ing, logging and mill residues, pre- 
commercial thinnings from commercial 
forest, and silviculture farms, the 
amount of wood and bark available for 


conversion to methanol is considerable. 


In many forested areas of the 
U.£., the wood growth rate greatly 
exceeds thie removal rate, and the 
forests are too dense and poorly 
managed. By harvesting the forests 
with intermediate cuttings such as 
Cleaning, liberation cutting, and 
removing residues, the amount and 
volume of timber produced in a 
commercial stand would increase. (17) 
This kind of management would expose 
the mineral soil, aiding seed germina- 
tion and reducing insect hazard (e.g., 
residues attract insects such as bark 
beetles). The National Research 
Council estimates that improved forest 
management techniques could double 
yields in the commercial forest 
presently being used, (2 

The initial harvest may be 20 
times more than current yield when 
excess timber is cleared out. Excess 
timber includes unharvested dead and 
diseased trees or trees that have 
reached susceptible ages and have low 
vigor. With proper management, even 
the potential yield per hectare may 
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increase to over 2° tonnes per year 
once high energy content species have 
been introduced. High energy tree 
species can trap up to 3% of the 
available solar radiation. 


MARICULTURE 


Seaweeds are macroscopic algae, 
usually found in the intertidal and 
shallow subtidal water of the world's 
oceans and seas. The edge of the sea 
is one of the best habitats for plant 
growth in temperate latitudes. In 
favorable circumstances, net primary 
productivity in seaweeds may 06) 45 high 
as the tropical rain forest. 

The ocean farming concept calls 
for the gathering and use of solar 
energy which is stored, by photo- 
synthesis, in a seaweed crop. The 
harvesting and conversion of this re- 
newable resource can make large new 
quantities of fuel energy available and 
conserve the limited fossil fuel 
reserves. 

Mariculture has already been used 
in Japan, and a major facility is being 
planned off the California coast that 
could be adapted for use in other coastal 
areas by cultivating locally adapted 
species, (20 The seaweed would grow 
on rocks in shallow waters and on man- 
made supporting structures in the open 
sea. The crop would be harvested by 


specially designed ships, similar to tnose 


used by the Kelco Corporation to harvest 
kelp in California. 
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The supply of nitrogen is cri- 
tical to the productivity of seaweed; 
it is more product ive where it is en- 
riched by sewage. Polluted waters 
would thus comprise a natural source 
of fertilizer for seaweed. Over time, 
the seaweed would reduce the nitrogen 
content of these waters to normal 
levels, thereby reducing pollution and 
helping to restore the water for 
recreation purposes. 

It has also been proposed that 
ocean farms could be fertilized by 
artificial upwelling of the nutrient- 
rich lower waters. Both the use of 
polluted waters and lower waters would 


enhance seaweed growth. but both ferti- 
lazer sources are problematical. for 
instance, using the nutricnt upwelling 


would release perhaps three times as 
much carbon dioxide into the atmosphere 
as burning an equivalent amount of coal 
or oil.'-2 rt must be realized that 
both sewage and deep ocean nutrients 
are finite resources which would soon 
be exhausted in this use. It is there- 
fore essential that the economy does 
not become dependent upon seaweed 
derived energy, but rather uses it 

only as a transitional source. 


AGRICULTURE WASTE 


Agricultural residue is the 
portion of the crop considered unfit 
for human consumption. The residue 
can be utilized as mulch, bedding, or 
animal feed. It can be composted into 
fertilizer, or it can be used as a 
source of energy. Agricultural residue 
which remains unused is termed waste 
and is usually burned. The potential 
for the use of agricultural waste as 
an energy feedstock is particularly 
great in the midwestern U.S. (See 
Table 3.) 
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Table 3. Potential Energy in Agricultural Residue 
(Source: Reference (18)) 




















Million 
dry tons Energy production 
Commodity Acres Crop Residue Per acre Total 
(million) (MBtu) (0) 
Grains 158 215 303 45(25)* 7.1(3.9)* 
Wheat 66 48 116 34 2.2 
Corn 65 142 142 61 3.9 
Oats 13 9 24 34 0.5 
Sorghum 14 1é 21 37 0.5 
Green crops 74 153 29 2.2 
Hay 61 117 27 1.7 
Silage and 
sugarcane 13 36 39 0.5 
Oilseed 68 41 34 18(6)* 1.2(0.4)* 
Soybean 53 34 29 19 1.0 
Peanut 2 2 = 2 2] = 0.] 
Fruits and 
vevetables _9 13 20 0.2 
Total 309 422 337 35 10.7 








*Residue values in parentheses. 
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In this subsection, the technolo- 
gies used to convert biomass to usable 
energy from the sources described above 
will be examined and compared. Several 
alternative routes can be taken to con- 
vert th organic matter into energy, 
ranging from direct combustion for heat 
generation or electricity production 
to combustion in an oxygen free envir- 
onment (pyrolysis) to produce more 
energy intensive fuels, to biological 
or chemical processing to produce al- 
cohols. The alcohols can be used as 
replacements for present liquid fuels 
in transportation, heat generation, 
or electricity production depending on 
the characteristics of the source, 
the amount of feedstock available, and 
the form of energy desired. Each of 
the technologies that can be used to 
make these conversions from a chemical! 
material “o usable energy are des- 
cribed. 


Anaerobic digestion (or fermen- 
tation) utilizes bacteria in water and 
without oxygen to convert organic 
matter into usable products. These 
products include methane, sludge, car- 
bon dioxide, traces of ammonia and 
hydrogen sulphide, and some additional 
bacteria. 

The anacrobic digestion process 
has three staqes. Stace 1 is the pre- 
treatment of the digestible material. 
Stage 2 is the conversion. Stage 3} 
involves the separation and storage of 
the products (especially the gaseous 
components). The gases produced are 
stored in tanks. The slurry from the 
process is further separated into 
liquid and solid components. The 
liquid portion is usually drained out 
of the system as waste, but can be 
used as a medium for algae production 
or a8 an agricultural fertilizer. The 
solid portion can be partially recycled 
in the digestion system to increase 
bacterial concentration or used as a 
fertilizer or soil conditioner. The 
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methane produced can be used as fuel for 
heating or producing electricity. '23) 

There are several advantages of 

anaerobic digestion: 

1. The process has been known for 
a long time. 

2. It can utilize wet feedstocks. 

3. It has low operating costs. 

4. Capital costs are relatively 
low. 

5. Energy requirements are low. 

6. It produces easily collectible, 
energy dense synthetic natural 
gas. 

7. Sludge can be used as ferti- 
lizer or soil conditioner. 

The disadvantages of the technology 

are these: 

1. There is a high degree of en- 
piricism in design and opera- 
tion of the digestor system. 

2. Proper environmental conditions 
must be maintained for bac- 
teria. '- 

3. The system requires skilled 
personnel for operation. 

4. Required detention time is 
several days long. 

wee Table 4. 


Table 4. Anaerobic Digestion Facts 
(Source: References (24) and 
(25)) 
Feedstock Wet biomass, manure, algae, 
waste jiquors 








Energy Heat (30-60C) 
Requirements Electricity (for stirring 
and pumping) 


Additional Sludge (source of bacteria) 
Inputs 
Scale No fixed scales, but need 


stable supply 


Product Cid (about 60% of the gas 
produced) 


By-products 40% CO2 used with methane 

4 uses in methanol synthesis or 
4s a source of CO2 to 
Stimulate plant growth in 
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controlled environments 
NH3, H2S traces 


Sludge (for use as soil 
builder or fertilizer) 


Capital $0.0096 per kwh 
Costs 

Operating $0.0i7 per kwh 
Costs 





The process of anaerobic digestion 
and its potential as a source for on- 
site generation of energy are discussed 
in more detail in the next subsection, 
Anaerobic Digestion. 


PYROLYSIS 


Pyrolysis is the breaking down of 
large organic compounds into simpler 
compounds and elements, using heat in 
the absence of oxygen. The destructive 
Gistillation of coal to produce oi! and 
of wood to produce charcoal are fami- 
liar commercial applications of this 
process. Gaseous products are preva- 
lent in high temperature pyrolysis 
while oil] and tar are major products 
in @ low temperature operation. 


DESTRUCTIVE DISTILLATION 
(LOW TEMPERATURE 


PROCESS) 


Destructive distillation is pres- 
ently the primary chemical processing 
technique for wood. In this process, 
wood is heated in ovens in an inert 
atmosphere to temperatures of 160 to 
430C to yield charcoal, wood tar, non- 
condensible gases, and a watery dis- 
tillate called pyroligneous acid. 
Methanol, acetic acid, and gseppone can 
be dietilled from the acid. Pres- 
ently, the major product of the pro- 
cess is charcoal which is formed into 
barbeque briquets. The Nichols Engi- 
neering and Research Corporation uses 
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a destructive distillation process to 
produce barbeque charcoal which pas 
both solid and gaseous fuels. ‘27 

The history of the use of destruc- 
tive distillation is long. It was 
probably first discovered by early man 
when he observed and used the residual 
char in the ashes of his fire. The 
value of the char was recognized by the 
ancient Egyptians who employed it in 
their bronze metallurgy. They also 
used the tars produced for embalming. 

In the same period ci history, another 
kind of tar was being produced from 
resinous woods in the Mediterranean 
area for use as a sealing materia] for 
wooden ships. The English immigrants 
brought the technology of pit charcoal 
manufacture to the New World settle- 
ments. 

Charcoal was used as a fuel in U.S. 
iron furnaces from 1645 to 1640. The first 
U.S. plant with facilities for by-product 
recovery was established in 1830. As late 
as 1942, charcoal was a major domestic 
fuel in sections of New York City for 
heating and cooking in open braziers. 

Destructive distillation of wood 
was the only commercial source of 
methanol until 1927. '¢ The process 
was then replaced by methanol synthesis 
from the catalytic hydrogenation of 
carbon monoxide because this process is 
less expensive. {29) 











Table 5. Destructive Distillation Facts 
(Source: References {(26) and 
(29)) 

Feedstock Dry biomass, municipal 
waste, wood and farm resi- 
ducs 

Eneray Neat (130-4%0C) 


Required 


Scale Small] (18 to 36 tonnes/day) 

Product Methanol; CHIOH 7.0 to 7.5 
kgs/cubic mtr of hardwood 

By-products 75% of dry hardwood (by 

& uses mass) is converted to ch r- 


coal use in metallurgical 














processes, decoloring, 
etc. 


7-9% of dry hardwood (by 
mass) is converted to 
acetic acid for use as 


vinegar 


Tar, used as a fuel in 
the plant 


CO, CO2, CH4, H2, NHI, 
H2S 


Oils 





The advantages of the destructive 
distillation process are: 

1. The technology is well known. 

2. By-products produced are 
valuable. 

Disadvantages of the process are: 

1. Feedstock is restricted. 

2. Yield of methanol is low. 

3. It is more expensive than the 
methanol synthesis process. 

4. Widespread use of the process 
may produce large quantities 
of by-products for which no 
demand exists. 


HIGH TEMPERATURE PYROLYSIS 


High temperature pyrolysis is 
the thermal decomposition of large 
organic molecules into smaller mole- 
cules at high temperatures in the 
absence of oxygen. The process can be 
carried out in a fixed or moving bed 
reactor. The material to be pyrolized 
is introduced into the reactor by means 
of gas entrainment or mechanical trans- 
port by hopper or worm screw. Heat is 
supplied to the feedstock by contact 
with hot «. es or with solid particles 
in a fluidired bed. The products of 
pyrolysis itclude char, tar, oils, 
water, ammon um sulphate, and gases. 
The gases are mainly hydrogen, carbon 
monoxide, and carbon dioxide. 

The technology of pyrolysis is 
well developed. Both fluidized-bed 
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pyrolysis and flashing pyrolysis have 
been carried out in small scale reac- 
tors. Existing plants for the pyroly- 
sis of municipal waste range in size 
from a 1.8 tonne per day pilot plant 
in Santa Ana, California, to a 900 
tonne per day plant under construction 
in Baltimore, Maryland. (2°) 

One of the major problem areas in 
pyrolysis technology is how to incor- 
porate scaling factors in design. The 
cost of the plant in dollars per tonne 
per day decreases with increasing plant 
capacity, as do operating costs in 
general. Thus, pyrolysis plants with 
capacities of 2,000 to 20,000 tons 
(1,800 to 18,000 fonnes) per day are 
being planned. '3! 

The advantages of eqn temperature 
pyrolysis include: 32) '33) 

1. Well developed technology, 

2. Low operating costs, 

3. Capital investment comparable 

to incineration, 

4. Land requirements no more than 

required for incinerator, 

5. Accepts various feedstocks, 

6. Can reduce volume of solid 

waste by 90%, 

7. Type of by-products can be 

controlled, and 


8. Reaction time is fast (minutes). 


Disadvantages of high-temperature 
pyrolysis include: 33) 

1. Requires dry feedstock, 

2. Feedstock must be shredded to 
optimize gas production, 

3. Syngas yield is lower than 
that obtained from gasifica- 
tion, 

4. Lower energy efficiency thee 
with anaerobic digestion, ' 8) 

5. Best suited to large scale 
plants, 

6. Generates lar amount of 
waste heat (however, this 
could be an advantage if used 
in a cogeneration system), and 

7. Widespread use of the process 
may produce large quantities 
of by-products for which no 
demand exists. 

See Tables 6 and 7. 























Table 6. Typical Products of Flash Pyrolysis* 
(Source: Reference (27)) 
Char 20% 5.3] Mwh/tonne 
oil 40% 6.83 Mwh/tonne 
Gas 30% 3.92 Muah/tonne 
Gas Composition: (mole %) 
Hydrogen 12 
Carbon monoxide 37 
Carbon dioxide 37 
Methane 6 
Ethylene 3 
Ethane P| 
C3 ] 
C4 2 
Hydrogen sulphide 0.8 
Hydrochloric acid 0.2 
TOTAL 100 
Water 10% 
TOTAL 100% 








*Municipal refuse feed, yield at 500C based on dry mass of feedstock. 





Gasification is a partial oxida- 
tion process involving the conversion 
of the energy content of the organic 
component of the feedstock into a use- 
ful gaseous form. The product gas may 
then be used as a fuel or as a chemical 
raw material. 

Several types of gasifiers have 
been developed for the gasification of 
wood and municipal refuse. Unlike coal 
gasifiers, these are designed to oper- 
ate at atmospheric pressure. Partial 
onldation is carried out using either 
air'??? (Batelle, Carborundum Corp.), 
air and steam! 38) (mMoore-Canada), or 
oxygen'?9) (union Carbide). With air 
or air and steam, the resulting crude 
gas contains about 40-50% nitrogen, and 
with oxygen, the nitrogen component is 
less than 1% and the gas has a higher 
enthalpy. ‘4°? In all cases, the gas 
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has a large water vapor content duc to 
the moisture already present in the 
feedstock and the additional vapor gene- 
rated during gasification. 

Union Carbide Corporation has devel- 
oped a gasification process (Murex) for 
the partial oxidation of “as is” muni- 
cipal solid waste using oxygen as the 
Oxidizing medium. The term “as is” 
refers to feedstock with particle sizes 
ranging from sawdust to multicentimeter 
length chunks with a moisture content of 
30-508, (39) 

The feedstock is injected into a 
shaft furnace which employs 4 moving 
bed through which oxygen is passed 
countercurrent to the down-flowing resi- 
due. As the material descends thrpugh 
the reactor-gasifier, it passes succes- 
Sively through drying, reduction, and 
Oxidation stages until it deposits as a 
molten slag or ash at the furnace bottom. 

The Purox system has been tested in 
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Table 7. 
(Source: 


Feedstock 


Energy 
required 


Producticn 
rates 


Product 


By-products 6 uses 


Capital 
osts 


Uperating Costs 


a 4.5 tonne per day plant 
New York (1970) 
per day plant in ri 
Virginia (iam) (aad 


and in an 180 tonne 
estown, 
Currently, 


High Temperature Pyrolysis Facts 
References (34) - 


(36) 
Dry biomass, municipal] waste, wood and farm residue 


Heat (870C or more) 
Electricity for feeder 


Pyrotech (Santa Ana) 1.8 tonnes fer day 
Garrett R&D Company 3.6 tonnes per day 
Carborundum Env. Systems, Inc. 70 tonnes per day 
Devco Management Company 150 tonnes per day 
Occidental Research Company 160 tonnes per day 
Monsanto Langard (Baltimore) 900 tonnes per day 


Synthesis gas: CO, #2 

From 1 tonne of municipal waste pyrolyzed at 8&70C 

Gas: 560 cubic meters which can be used 
4s 4 low sulphur fuel with a heating 
content of 2,8@-4.5 kwh per cubic 

eters primarily 42, CO, CO2, CH4, 

C2H4 

475 litres which can be used as 4 gas 

preserver or an insecticide. The 

Jiquid is 90% water and 10% organi< 

compounds. 

77? kas which can be used as a fue! 

with 3.3-5.56 Mwh per tonne 

-5 gallons which can be used as a fuel 


. 


Liquid: 


Char: 
Tar: 


$0.0021 per kwh 
$4,500,000 for a 200 tonne per day plant 


50.0168 per kwh 
$550,000 per year for a 200 tonne per day plant 


————s— — eee eee we — ee aa eae a ae Ce —- +. 2-————_ 


in Tarrytown, apparently decreases with increasing 
bed diameter. This, as well as the 
Lurgi systems failure to operate a four 


meter diameter bed, casts doubts on the 


West 
the 











Tarrytown unit has been replaced by a | 
nine tonne r day unit at Tonawanda, 
New York. '4¢) Scale-up of the reactor 
to a 3.5 meter movable bed for the 180 
tonne per day plant resulted in a sig- 
nificant decrease in the conversion 
efficiency as evidenced by an increase 
in carbon dioxide and hydrocarbon 
levels in the raw gas. ‘4?’ an impor- 
tant factor in @ moving bed reactor is 
the stability of the bed; the stability 








pessinig gpese-up of Purox beyond }.5 
meters. Union Carbide expects to 
market the process in 320 tonne per day 
modular units.* (44) 

Although the Purox process has 
only been tested on municipal solid 
waste thus far, the assumption that gas 
composition and yields for the process 





*Te lephone conversation, NE Lindy Divi- 
sion, Union Carbide, August 2, 


1977. 
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will not change when the feedstock is 
wood appears to be conservative. ‘44’ 

Advantages of the gasification 

process are: 

1. Utilizes versatile feedstocks, 

2. Produces highest yield of syn- 
thesis gas, 

3. Produces by-products that are 
valuable resources, ¢.g., 
fused grit for roads, 

4. Comprises small to medium 
scale technology, and 

5. Emits relatively clean stack 
emissior= since NOx and SOx 
content is negligible. '45) 

Disadvantages of gasification 

include: 

l. Large capital investment, 

2. High operation and maintenance 
costs, 

3. Skilled labor requirement, 

4. Syngas yield depends on pre- 
cision with which operation is 
controlled, and 

5. Temperature and amount of the 
water by-product may be envir- 
onmental hazards. 

See Tables © and *. 


Hydrolysis is a chemical reaction 
involving the decomposition of a com- 
pound and the addition of water to its 





resultant by-products. Ethanol can be 
obtained {rem cellulose by either acic 
or enzymatic hydrolysis and subsequent 
fermentation of the glucose to ethan). 
Acid hydrolysis involves the treat- 
ment of cellulose with strong hydro- 
chloric acid or dilute sulphuric acid 
to form a lignin residve and a liquor 
containing sugars, organic acids, and 
other organic compounds. Enzyme hydro- 
tysis is essentially the same chemical 
process as acid hydrolysis except that 
@ biological rather than a chemical 
catalyst is used. The sugars generated 
by hydrolysis can be processed into a 
molasses-type animal food, yeast (49) 
{torula strain), polyols, and ethanol. 
The lignin residue can be used as fuel 
or converted to phenols, oils, or 
activated charcoal. '>° 
There are several advantages in the 
use of enzymes to hydrolyze cellulose 
instead of acid. 
When using acid, expensive corrosion- 
proof equipment is required. M“ore- 
over, the crystalline structure of 
cellulose makes it very resistant to 
acid so that temperature and acid 
concentration needed to achieve hy- 
drolysis also cause decorposition 
of the resulting sugars. Conse quent- 
ly, the process must be balanced so 
that the rate of hydrolysis must be 
sufficiently high to compensate for 
the decomposition of the desired pro- 











Table 8. Dry Basis Crude Gas Compositions ducts. Waste cellulose invariably 
(Source: Reference (46) ) 
Raw Gas ee Moore Canada® U.C.C. Purox®* 
Hydrogen 18. 276.0% 
Carbon monoride 22.8 40.0 
Carbon dioxide 9.2 23.0 
Methane 2.5 5.0 
Hydrocarbons 0.9 5.0 
Omygen 0.5 0.5 
Nitrogen 45.8 0.5 
TOTAL 100% 100% 








*Data are from wood waste in volume percentage. 
**Data are from garbage in volume percentage. 
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Table 9. Partial Oxidation Fact Sheets (Purox) 
(Source: References (39), (47), and (48)) 











Feedstock Biomass with moisture content less than 50% 
Municipal waste, wood, farm residse 
Energy Neat 200-1700C 
required Electricity for compressors, precipitators, condensors,. etc. 
Additional .37 tonnes of oxygen per tonne of feedstock 
inputs MEA, a carbon dioxide absorbing chemica! 
Production Puros, Tarrytown, N.Y. 4.5 wet tonnes/day 
rates Purox, S&S. Charlestown, W.Va. 180 wet tonnes/day 
650 wet tonnes/day 
Product co 40% 
(by volume) n2 26 
Co? 23 
cn 5 
Cay 5 
N2 j 
By-Products water vapor .51 tonne/tonne dry feedstock 
é uses 4ash/sieg .04 tonne/tonne dry feedstock 
which can be used as a road builder or land-fill 
oils, 4 small] amount which returns to the gasifier 
Capital $59.5 million for a 1,000 tonne/day plant 
coset 
Operating $44.72 per tonme (including methanol] synthesis, excluding cost 
cost of feedstock) 
contains impurities which will manufacture ammonia, methane, and 
react with the acid, thereby pro- higher hydrocarbon chains. The only 
Gucing unwanted by-products and difference is in the catalyst necessary 
reversion compounds. The enayme, to produce the desired end product. (52) 
however, is specific for cellu- The process works because pressure 
lose and does not react with att favors a physical change where the 
purities present in the waste. volume of the products is less than the 
However, acid hydrolysis is a well volume of the reacteris. In the syn- 
developed technology while enzymatic thesis of methanol from carbon monoxide 
hydrolysis is still in the developmental and hydrogen, one volume of carbon 
stages. monoxide reacts with two volumes of 


hydrogen under pressure and heat to pro- 


CATALYTIC HYDROGENATION duce one volume of methanol. 


Although usually a high pressure 


Catalytic hydrogenation is the process, it has been found that by 
process presentiy used for converting varying the catalyst, hydrogenation can 
synthesis gas into methanol Essential-~ occur at various temperatures and 
ly, the same process can be used to pressures. These range from .5 million 
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kilograms per square meter (1.C.1° pro- 
cess), to 2.5 million kilograms per 
square meter (Vulcan Cincinnati process), 
to 3.5 million kilograms per “wre 
meter (high pressure process). ‘>? 

The process consists of two main 
stages. In the first stage, the ratio 
of the synthesis gas components is 
altered to give the regquire/ carbon 
monoxide ratio of one to two. The 
actual synthesis occurs in the second 
stage. 

There are four substages to the 
initial reforming stage. First, the 
syngas passes through a shift converter 
where carbon monoxide is reacted with 
water to give hydrogen and carbon 
Gioxide. This helps to decrease the 
hydrogen deficit. The second substage 
is in the reformer where hydrocarbons 
are reacted with water to give carbon 
monoxide and hydrogen, again increasing 
the available hydrogen. In the third 
substage, condensate separation occurs 
(removal of water vapor). Finally, 
carbon dioxide is absorbed. 

The synthesis stage consists of 
five substages. First, the gas is 
compressed. Wext, the actual synthesis 
occurs. The synthesis reaction is exo- 
thermic which means it gives off heat. 
This heat is used within the process. 
The third substage is the recycling of 
unreacted feedstocks into another conm- 
pressor, the circulator compressor. 

It is then mixed with the feed gas fror 
the first compressor to pass through the 
synthesis reactor again. That part of 
the feedstock which was reac*ed goes 

to the flash drums where the water 

vapor is removed. The final stage of 
the synthesis is the storage of the 
methanol. 

Methanol yields from catalytic 
hydrogenation can be incressed by 50% 
if small amounts of other ejpohols are 
tolerable in the product. ‘ Such a 
mixture is called methyl fuel, and it 
contains more energy than chemical 
grade methanol due to the presence of 
ethanol, propanol, and isobutanol. 
These higher alcohols give the methy! 
fuel another advantage in helping to 
*Imperial Chemical Inoustries 











11? 


prevent cold start problems in engine 
combustion. In a conventional methanol 
plant, these alcohols are treated as 
contaminants and are removed by the 
distillation processes. If these pro- 
cesses were omitted, capital and opera- 
ting costs would be reduced. 

At present, methyl fuel is not 
being manufactured because no demand 
exists. However, modification of the 
1.C.I. process to produce meen? fuel 
would not be a major problem. '°°) 
Research is needed to optimize the 
design for methyl fvel production and 
to develop integrated gasification and 
catalytic hydrogenation systems. As 
yet, no such prototypes have been 
developed. (See Tables 10 and 11.) 


POSSIBLE ALTERNATIVES 
Fermentation 


Methanol is found in plants and 
animals, and becteria do exist which 
coneume methanol. Thus, it is con- 
ceivable that a bacterium may exist 
which can decompose complex organic 
compounds into methanol in much the 
same way that glucose is fermented to 
ethanol. To date, however, no such 
process has been developed. 


Synthesis from Carbon Oxides 


It has been suggested that metha- 
nol could be synthesized from carLonate 
solution or dissolved carbon dioxide 
by the use of radiation or electrore- 
duction.'°7) Carbon dioxide can be 
split into carbon monoxide and oxygen 
by tie use of radiation. The carbon 
monoxide is then reacted with water via 
the water gas shift reaction to form 
syngas. The syngas is then converted 
to methanol by catalytic hydrogenation. 

Very selective catalysts and unu- 
sual conditions may be required to pro- 
duce methanol directly. WNowever. a two 
stage electrosynthesis (carbon dioxide 
to formates and formic acid to methanol) 
may be a practical route to methanol, 
particularly where inexpensive electri- 
city is availabie. 
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Table 10. High Pressure Hydrogenation Facts 
(Source: Reference (54)) 














Catalyst CrOx,770x 
Energy Heat 330-390C 
required Electricity - 5l0kwh per tonne methanol 
Additional Heat remover (cooling water) 
inputs Chemicals for mihanoi purificatioi 
Production 550 to 1800 tonnes or more due to the 
rates type of centrifugal compressor used 
Minimum 450 tonnes per day due to the type of 
production centrifugal compressor used 
rate 
Product Methyl fuel 
By-products 5.5 mole % in product gas 
& uses acetones 

aldehydes 

amines 

di-methyl ether 

ethanol 


higher alcohols rd] 
heat 
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Table 11. Low Pressure Hydrogenation (ICI) Facts 
(Source: Reference (56)) 











Feedstock Naptha or 
CH4 and CO2 or 
CO and H2 or 
Crude petroleum or 


Coal or 
Coke (#) 
Catalyst Copper based 
Energy Heat 250C-270C 
required Electricity 300 kwh per tonne 
Additional Heat remover (cooling water) 
inputs Chemicals for methanol] purification 
Scale ICI is especially adapted to below 450 tonnes 


per day although larger plants may be possibic 





Production Chang Chun Petro-chemical Company 135 tonnes/day 
rates Monsanto Chemical Company 900 tonnes/day 
© Minimum Less than 135 tonnes per day 
production 
rate 
Product 75-90% methano! 
By-products 2.5 mole % in product gas 
Acetone 
Aldehydes 
Amines 
Di-methyl] cther 
Ethanol 


Higher alcohols 


Costs Less than for hiqgh pressure process 
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ANAEROBIC DIGESTION 
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Anaerobic digestion is the con- 
version of organic matter to methane 
by fermentation. The process is 
carried out by bacteria in the presence 
of water and in the absence of oxygen. 
The main products of the process are 
methane, sludge, and carbon dioxide. 
Traces of ammonia and hydrogen sulphide 
and some additional bacteria are also 
produced. The gaseous component of 
the product is commonly referred to 
as biogas. The energy from the bio- 
gas is entizely due to the energy 
content of the methane. 

Any organic matter with the 
proper nutrient balance for the 
bacteria and which can be digested by 
the bacteria is an appropriate raw 
material for the digester. Sewage and 
manure are likely to be the most 
suitable feedstocks available in 
national parks, wildlife refuges, and 
hatcheries. These wastes have a suit- 
able nutrient composition and can be 
easily decomposed by the bacteria. 
Agricultural or kitchen wastes 
(e.9., paper, vegetable, and meat 
scraps) may also be added to the 
digester provided that the lignin 
(the rigid, woody structure of 
plants) content of the waste is small. 
Pacteria find lignin almost impossible 
to break down. 

Although it has been demonstrated 
that digesters can operate effectivel 
utilizing solid waste as an input, ‘23 
it is not recommended as a feedstock 
for digestion. Separation of the 
organic from the inorganic component 
of the waste poses problems, and it 
may be difficult to obtain solid waste 
with a consistent content over time 
and the necessary nutrients for the 
bacteria. 


HISTORY 


The production of methane by 
anaerobic digestion is a naturally 
occurring biological process. It was 
discovered in the 17th century after 





scientists observed the so-called marsh 
gas burning on the surface of swamps. 
Today, anaerobic digestion is widely used 
for the controlled degradation of 

sewage solids. For example, since 1950 
the Hyperion sewage treatment plant 

in Los Angeles, California, has been 
using the methane generated frm its 
plant as a fuel to power the plent and 
has been selling the surplus to the 
municipal (Shectzical generating 
facility. é Many European farmers, 
particularly in France and Germany during 
and after World War II, used digesters. 
Thousands of Asian farmers are currently 
using the process to produce their own 
energy. In China alone, over four 
million biogas plants have been built 

to supply fuel for lighting, cooking 
and heating from human excreta, animal 
feces, crop stalks,and water. (58 


TECHNOLOGY 


There are two main types of anaero- 
bic digesters, batch-loaded and continu- 
ously loaded digesters. Meynel]‘59) 
has broken down these two groups further. 
For a comparison of these systems, see 
Table 12. 

Batch-loaded digesters start empty 
and then are completely loaded. Gas 
production begins, peaks and declines 
slowly to near zero before the batch is 
emptied and the cycle is repeated. This 
type of digester does not produce biogas 
at full capacity for most of the cycle. 

Continuous-loaded digesters are 
designed to operate at peak capacity all 
the time. In most situations, however, 
it is impractical to load the digester 
more than once per day. The continuous- 
loaded digester is suitable for most 
applications. The batch-loaded digester 
is more appropriate for inputs containing 
large lumps of organic matter which can 
block the flow pipes of a continuous- 
loaded digester, for inputs which are 
only available at irregular intervals 
or for organic material which is difficult 
to digest. 

The digestion process can be divided 
into three main stages. (See Figure 1.) 
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Process Stages 
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hydrolysis) (blo-chemical 
decomposition) 
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BACTERIA methanogens, 
; (fermentation) 
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Overall Process 


Call Ba onsccosoccoccccce= > 3CHg + 3 CO, + new bacterial growth 


Figure 1. Process Stages and the Overall Process of Anaerobic Digestion 
(Source: Reference (24)) 
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The first stage involves the pretreat- 
ment of the organic material. This 
may include shredding, dilution, 
mixing and balancing of the nutrient 
composition of the feedstock. Next, 
the conversion of the organic matter 
to gas and new bacteria takes place in 
an airtight tank - the digester. The 
contents of the tank may be heated 
and stirred occasionally to increase 
the rate of gas production. The 
stirring not only releases the gas 
for collection by breaking the scum 
layer but also mixes sume bacteria 
into the incoming material. This 
reduces the time needed for methane 
to start being formed. The final 
stage of the process involves the 
separation of the products and the 
storage of the gas produced. The 
product gas is stored in tanks. 
Depending upon the end-use of the 
gas, it may require further separation 
into its components. The solid- 
liquid slurry is repoved from the 
Gigester and placed in a separation 
tank. The solids may then be 
partially recycled to the digester to 
increase its bacterial concentration, 
with the remainder being used as a 
fertilizer or soil builder. The 
liguid portion is usually drained out 
of the system, but has been used as a 
medium for algae production or as 4 
fertilizer for forests and orchards. 

A number of environmental factors 
affect the anaer bic digestion process. 
Among the controlling influences are 
the nutrient composition of the inputs, 
pH (acidity or alkalinity), tempera- 
ture, digester design, and mode of 
operation. 

Like all living organisms, 
bacteria require essential rutrients to 
suet*in life. The major nutrients 
required by the bacteria are carbon, 
nitrogen, phosphorous, and sulphur. 
Excessive levels of these or other 
substances may poison the bacteria. 
Small digesters are far more 
susceptible to sudden changes and to 
shock loadings of taxic material than 
are large digesters. This stresses the 
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need for a regular consistent feedstock 
with constant envirormental conditions 
in the digester. 

A successful pH range for 
anaerobic digestion is 6.0 to 8.0. 
Digestor failure occurs when the pH 
is too low, resulting in a build-up 
of acids, a decrease in methane, and 
an increase in carbon diaxide production. 
Therefore, careful monitoring of the 
digester is required to produce a 
high yield of methane. 

One of the most important environ- 
mental considerations which influences 
the rate of methane production is 
temperature. It has been found empiri- 
cally that the optimum temperature 
range for digestion is between 66°F and 
96°F, as it combines the best conditions 
for the growth of the bacteria and the 
production of methane with the shortest 


retention time. Under certain conditions. 


however, the optimum range may be 
inappropriate from a net energy stand- 
point, particularly in areas which 
experience long severe winters. Pilot 
plant experiments done at the 
University of Manitoba, Canada have 
demonstrated the feasibility of 
anaerobic digestion of swine manure at 
temperatures between 66°F and 77°F, (60) 
Gas production and gas quality in 
G@dition to other parameters indicate 
‘hat the process is favorable at these 
lower temperatures. More research is 
nreded on cold temperature digestion, 
bit the work done at the University 

of Manitoba has made anaerobic 
digestion in cold climates more 
promising. 

Safety is a major consideration in 
the construction, operation and main- 
tenance of a digester. Methane is 
flammable, and under certain conditions 
it may be explosive. Therefore, safety 
precautions are needed to prevent 
ignition in all areas of production, 
handling, storage, and utilization of 
the biogas. Standards which apply in 
the natural gas in@ustry can serve as 
useful guidelines for a digester 
installation. Advice from persons 
knowledgeable in the handling of natural 

















gas may be useful when the system is 
being designed and built. 

The nature of anaerobic fermen- 
tation is not completely understood, 
Despite widespread use of the process 
to stabilize municipal sewage, the 
optimum process performance with 
respect to gas production is seldom 
achieved because of the high degree 
of empiricism that still prevails in 
the design and operation of the 
systen. One of the greatest 
problems with the technology is the 
early detection of the impending 
process failure so that proper 
control es to prevent it can 


D. ADVANTAGES/DISADV ANTAGES 


There are several advantaces of 
anaerobic digestion: 
Process known for a long time, 
. Can utilize wet feedstocks, 
Low operating costs, 
Relatively low capital costs, 
Low energy requirements, 
Produces easily collectible, 
energy dense synthetic 
natural gas, and 
. Sludge can be used as 
fertilizer or soil 
conditioner. 


owe w We 


The disadvantages of the technology 


include: 

1. High degree of empiricism in 
design and operation of the 
digester syste, 

. Requirement for maintenance 
of proper environmental con- 


ditions for bacteria, especially 


the sensitive methane producing 
bacteria temperature, 
C:Ne30:1), 25 

. Requirement for skilled 
personnel for operation of the 
system, 

. Length of Cotent ion time 
(several days) _' and 

. Concern about safety. 
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In order to make a preliminary 
assessment of the suitability of 
anaerobic digestion at your site, it 
is essential that you do the following: 

1. Ascertain the demand for biogas 

at your site. There is no 
point in producing a fuel which 
cannot be utilized. 

. Determine how much of your 
energy demand can be met by bio- 
gas. The amount of biogas 
that can be produced is largely 
Gepeiwent upon the emount of 
suitable organic material 
available. 

3}. Determine the economic viability 
of an anaerobic digestion system 
at your site. This will depend 
upon the capital and operating 
costs of the digester, the 
amount of usable biogas which 
is produced, the cost of the 
fuel which the biogas is dis- 
placing, plus the advantages 
provided by digestion as a 
waste treatment systen. 


Energy Demand for Bloges 


Before deciding to produce biogas 
by anaerobic digestion, you must first 
find out if the biogas produced can be 
put to good use. An inventory of your 
current energy uses and the type of 
fuel being employed for each use will 
help you to assess which uses can be 
fueled by biogas without major modifi- 
cations to existing equipment and which 
uses require new equipment more suited 
to employing 4 gas as a fuel. A 
careful look at Table 13 will tell you 
the appropriateness of biogas for 
various purposes. Table 14 will give 
you an idea of the energy conversion 
efficiencies involved in various end 
uses of the biogas. Table 15 presents 
@ biceass demand chart for comparison 
of the rate of use of conventional and 
biogas fuclis. 


1. 
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Table 13. Uses of Biogas 
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vse 810988 wothan Rate 
; ; 
it fe 
— . en eee ——e - a 
' ' ' 
Lighting : 4.0 : 2.5 ' per mantle /hour 
' ' ' 
Cooking 13 - 2% 8 - 1é | per hour per 2 4” burners 
' ’ ' 
Cooking 19 - 24 12 - 35 per person per day 
; ; 
Gas : : : per hour per ft of 
Refrigerator ' 2.29 ' 1.4 ' refrigerator space 
Domestic : ' ' 
Central ' 67 = 208 ' 431 - 129 ' per hour 
Heating ' ' ‘ 
' ‘ ' 
' ' ' 
' ' ' 
Direct ; : . 
Heating . 15 = 3] . 9.5 - 19 . per hour 
' ‘ ' 
Gasoline per brake horsepower © 
Engine : lé d] . per hour . 
' ‘ ' 
’ ' ' 
For ; ; 
Gasoline ' 180 - 250 150 - 186 . per gallon 
For ; ; ; 
Diesel Oil . 200 - 278 . 150 - 188 . per gallon 
; ; 
' ' ' 
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Table 14. Conversion Efficiencies 








Conversion Process 





Biomass to Biogaes® 

Biogas to Heat 

Biogas to Heat to Mechanica! 
Biomass to Bioges to Electricity*®® 





—_—— — — —— —> _— —-_ — - 


process heat 
Togeneration 


_ 
4was 


. 
° “J > not ] 7x 


**® Does not include 


Tabie i* Biomass mand Chart 
[neray Us , Present Fuel 
Spece Heating 


Water heating 


Etc. 


See ee ee ee 
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Rat: 
of Present fuel 





Energy Efficiency 





40% - 70% 
75% 
25% - 40% 


0.02% - 0.5% 








of tnerey ‘se Rate 
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Biogas is more suitable to 
certain end uses than to others. 
If the biogas is to be burned directly 
for cooking, space heating, or water 
heating, or for use as a fuel for a 
Stationary internal combustion engine 
for spece heating or electricity gene- 
ration, it is doubtful that the rem- ) 
val of the carbon dioxide component 
of the biogas can be justified. ‘© 
Although it has no energy value, the 
carbon dioxide is not harmful to 
mechanical equipment. However, the 
use of biogas as a fuel for cars, 
trucks, and other transportation 
vehicles may be impractical unless 
the carbon dioxide is removed. ‘©?’ | 
The removal of «<he hydrogen sulphide 
from the biogas may be necessary to 
prevent corrosion. 





Energy Supply of Bioges 


Now that you have determined | 
the appropriate uses for the biogas, | 
it is time to find out how much energy 
you can produce. This wil) largely 
Gepend upon the total amount of 
suitable organic material available 
for digestion. 

The availability of the raw 
material is primarily Gvue to the 
ease with which it can be collected. 

This is a function of the concen- 

tration of the feedstock near the ' 
site of the digester. The period of 

time over which the organic matter | 
is generated is also an important | 
consideration. If most of the input 

is produced @uring one season, it 

is likely that the organics will have | 
to be stockpiled for a period of 
time. The longer the feedstock is 
stockpiled, the more decomposition will | 
take place and the smaller will be 

the yield of biogas. In this case 
a batch-loaded digester may be most 
appropriate. On the other hand, if 
sufficient organic material is available 
Gaily or weekly, a cont inuous-feed 
digester may be the choice. 
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Sewage is likely to be the most 
suitable and most readily available 
feedstock for a digester. Organic 
refuse which can be easily digested 
by the bacteria can also be added to 
the sewege to increase the carbon 
content of the feedstock and thereby, 
improve the carbon:nitrogen balance. 
Newspaper, paper begs and other large 
items require shredding and must be 
well mixed in the digester. 

Manure from livestock operations 
nearby may also be appropriate. 

As with the other feedstocks, the 
suitability of the ranure will depend 
upon the hauling distance from the 
source to the digester. If a long 
Gistance is involved, the transportation 
costs may outweigh the benefits of 

the additional energy production. Once 
the type of available feedstock is known 
the next step is to determine the amount 
of energy that the organic material 

can yield. Table 16 tells you how such 
energy can be produced from the excre- 
ment of various animals in one day. 

It also says how much energy can be 
obtained fram one pound of garbece. 
From this information, you can compute 
how much energy per yertr can be 
produced. 

The following equations will enable 
you to calculate the total amount of 
energy available per year from either 
sewage or animal manure. 


Animal Waste Energy/year « Eneray / 
Animal Day = Total Number of 
Animals = 365 Days 


Organic Refuse Energy Year « Organic 
Refuse/Day = 2200Btu/lb « 365 Days 


Total Energy Produced/Year = Animal 
Waste Energy/Year ¢ Organic Refuse 
Energy/Year 


To determine the cost of an anaerobic 
Gigestion system is a difficult task. 
Few anaerobic digestion systems are 


























To further agsist you in the 
essesspent of your costs, the following 
guide to campute your peyback perfod is 
presented. 


Step 1. Calculate Money Saved per 

Year by Biogas Production 

1. Odtain current price for fuels 
which you now use and which 
will be replaced by the bio- 
gas produced. 

2. Comvert price cited by 
wtilities to price per million 
Btus of energy. (See Table 
17.) 





3. Using the total energy per 
year as calculated in the 
Energy Supply section, compute 
the money saved per year by 
substitution of current fvel 
for biogas. 

Savings/Year = Price/Million 
Btus of Current Fuel x Total 
Energy Pioduced/Year x 10 ~. 


Step 2. Calculate annual waste treatment 
savings 
1. Obtain cost of present means of 
sewage treatment ($/person/ 


year). 


Table 17. Table for Converting Price Cited by Utilities to Price per Million 8tus 





Natural Gas: Price/thousand cu. ft. 2 1000 «= price/million Btu 
Fuel Oil: Price/galion x 9,1] - price/million Btu 
Electricity: Price/kith x 2.93 - price/million Btu 
Fuel Price Cited Price/million 8tw 
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Organic refuse 


2200 Btu/ib* 


Table 16. Typical Daily Waste Produced per Day for V**ious Animals 
(Source: References (54) and (65)) 
Volume of Energy Wet Energy 
Waste Type Biogas/Animal Production per Animal 
/yer= 
(cf /d) Stu/d (millicn Btw) 
Sewage ‘ 1.0 ‘ 600 9 0.18 
Hog manure : 6.4 ; $0460 ; 1.49 
Cattle manure ; 6.0 : 4800 : 1.42 
Poultry manure 0.5 300 0.09 
; 
’ ’ ’ 








* Organic refuse assumed to have 4000 Btu/lb; with a conversion efficiency 
of 55%, the usable energy production would be 2200 Btu/lb. 
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mss produced and this makes inform- 
tion on costs hard to obtain. Unlike 
large digester systems, which are 
primarily used for sewage treatment, 
smaller scale digestion systems are 
not widely utilized and as a result, 
there is a paucity of infcrmation on 
the costs and performance of these 
systems. 

The economic viability of 
anaerobic digestion is largely depen- 
dent upon two factors. The first is 
the amount of energy the system produces 
and the cost of the energy it displaces. 
The second is the savings accrued by 
taking into account that anaerobic 
Gigestion is @ means of waste 
management . 

An economic analysis done by 
Kraft et a1©®) demonstrates that 
anaerobic digestion is a cost 
effective form of waste treatment, 

Of the four waste management practices 
assessed, anaerobic digestion employing 
a lagoon for waste storage proved to be 
more economical than an aneerobic 
lagoon, in-barn storage or an axidation 
ditch and legoon. The costing for the 
study was done for a digester which is 
Gesigned to handle waste from a 500 
head commercial hog operation (1, 200- 
1,500 hogs/year). The scale of this 
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Gigester is comparable in size with a 
system which can employ the sewage from 
about 2,100 people. 

The major investment involved in an 
anaerobic digestion system is the air- 
tight tank. Therefore, the cost of the 
total system is primarily determined by 
the required size of the digester tank. 
The importance of the volume of the di- 
gester to its cost is shown in Figure 2, 
which reveals that the whit cost of the tan 
Gecreases as digester volume increases. 

As might be expected, larger 
scale operations achieve economies 
of scale not possible with sm lier 
operations. This is seen in Figure 
3} where a nine-fold increase in 
people per year (1,700 to 15,300) re- 
Guced the net cost of the system from 
$9. 0/pereen/yeas to $0.30/person/ 
year (56) the basis for these 
economies is found in the structure of 
the digester; namely that the volume 
of the digester increases at a greater 
rate than the surface area. Larger 
digester size mear® that lagoons can be 
smaller and hence their costs are 
lower. Also, #© the digester increases 
in volume, the gas safety equipment, 
service building, and labor requirement 
remain virtually unchanged. 
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Figure 2. Average Cost of Digester Tank, Insulation Material and Mixing Equipment 
(Source: Reference (66)). 
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2. Using Figure 3, determine 
cost of your anaerobic 
digestion systems ($/person/ 
year). 

3. Compute money saved per year 
from digestion as a waste 
management technique. 
Savings/Year = ($/person/ 
year for current system - 
$/person/year for digestion 
system) x total number of 
people being serviced, 


Step 3. Calculate Payback Period 

1. Calculate total savings per 
year. 

Total savings/year = Savings 
of waste treatment/year + 
Value of biogas/year. 

2. Using the cost of your systen 
in $/person/year, compute 
total cost of your digester. 
Total Cost = $/person/year x 
total number of persons. 

3. Compute payback period, 


SPP . first cost (S$) 
(years) first year savings ($) 





For additional information on the 
economic viability of various 
digester sizes and uses, see Table 18. 
To concluce, it must be stressed 
that anaerobic digestion becomes more 
economical when it is considered as 
a form of waste management as well 
as a form of energy production. Today, 
the economic viability of digestion 
solely for energy production is poor. 
liowever, the work done by Kraft et 
al clearly demonstrates that anaerobic 
digestion is more cost effective than 
several means of waste treatment 
that you may now be employing. 
Therefore, it is essential that you 
include the waste management capability 
of anaerobic cigestion in any economic 
analysis that you perform before 
making @ jwigment on the desirability 
of the technology. 
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fable 18. Summary of Economic Analyses of Anaerobic Digestion Systems for 
Farm Anima] Manure 
(Source: Reference ( 66)) 
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' ' ' 
: ; : Method of 
: ; Size of ; Expression of Economic 
Location Operation Feasibility 
' ‘ . 
, 4 i | a 
Swine ; Ohio : 10,000 : Breakeven 
; Ontario {  3,000-10,000 ; $10.2-3.4/10°Btu* 
Ohio 24,000 Breakeven at $2.0/mm 
‘ ‘ i Btu 
Dairy ‘ New York 100 $0.035/kwh 
New York ; 100 $10-25/10° Btu* 
: Vermont ; 209 $0.171-0.046/kwh* 
: Ohio ; 2,700 ; Breakeven at $2.0/mm 
: ; : Btu 
Beef : Upper Midwest ; 1,000 $1.25/gal gasoline (U.Ss.)* 
Kansas 35,000 $0.63/MCF Cg* *¢ *** 
; Kansas : 35,000 : net energy loss 
Yd] Missouri 100,000 23% return on investment 
‘ ' ' 
Poultry ; Maine ; 50,000 layers : $9.46/gal fuel oil] (U.S.)* 
Connecticut : 20,000 layers $0.94/kwh* 
; Connecticut ; 41,000 lavers : $0.073/kwh* 
Connecticut 60,000 layers $0.062/kwh® 
, ° ' 


' 
' 
' 
) 
' 
' 
' 
’ 
/ 
' 
' 
' 
' 
' 
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| 
| 


"Cost of producing an equivalent amount of energy through anaerobic digestion. 


**0n a slotted floor, $2.65/MCF on a paved feedict. 


*eemcr - million cubic feet. _ 


bas 
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COMBUSTION 
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Combustion is the burning of a 
substance, whether it be gaseous, 
liquid or solid. It involves the con- 
version of organic matter to heat and 
often light by oxidation. Decomposition, 
such as rotting, is a natural process of 
oxidation in which large complex mole- 
cules are broken down to simpler mole- 
cules such as carbon dioxide and water. 
During combustion, the decomposition 
process is speeded up and the energy 
Given off in the breaking of the chemical 
bonds can be tapped for use. 

The history of energy use by humans 
has been a history of combustion with 
little change other than the fuel. 
Traditionally, wood and dung were the 
fuels burned, as is still the case today 
throughout developing countries of the 
world. In industrial societies, these 
fuels have been replaced by o1i1 and 
natural gas but oi] and gas are being 
used more rapidly that they are created. 
As a result of this depletion of fossil 
fucl reserves, energy prices have 
escalated, encouraging cxamination of 
alternate energy sources such as solar, 
wind, and bioconversion. 

Although any type of organic matter 
with a low enough moisture content ir 
potentially suitable for --~mbustion 
solid waste or refuse and wood or wood 
waste are likely to be the most suitable 
feedstocks within parks, refuges or 
hatcheries. Generally, these feedstocks 
are reasounably dry anu ure iikely to w 
available. Since these two feedstocks 
present somewhat different problems and 
opportunitics, each will be discussed 
separately. 


Solid waste consists of materials 
which are either unusable or unwanted 
and which are subsequently disposed of 
by municipal services. Much of the 
solar and chemical energy that went into 
the production of the plants, animal 
material, and manufactured goods still 
remains in the solid waste when it is 
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deemed no longer valuable. If this 
energy and materials can be reclaimed, 
it represents a significant increase in 
the efficiency of our overall energy and 
material use. 


History 


Historically, solid waste was 
disposed of in the same manner as were 
other wastes; by throwing it out the 
window into the street. As can well be 
imagined, in addition to presenting 
aesthetic problems, this form of waste 
disposal also presented severe heaith 
problems ie.g., the spread of such 
diseases as cholera, typhus, and plague). 
In response to this situation, the 
British Parliament in 1870 introduced 
the first legislation involving solid 
waste management under the first Public 
Health Act. One of the foremost inten- 
tions of this act was to control garbage 
disposal. The act specified that refuse 
must be placed in a container and made 
provisions for these containers to be 
Cleared and for the waste to be collected 
and removed. 

Since then, solid waste has general- 
ly been dealt with in the simplest and 
most economic fashion. Usually this 
scant dumping the waste at the city 

‘mits and possibly burning it to reduce 
« volume and/or the odors. In recent 
years, the amount of waste generated has 

been growing at a fasfer rate than the 
population, “garbage is the effluence of 
affluence.” (68) This has smposed 
Greater costs for land. In addition, 
land dumping generates considerable air 
and water pollution. 


Technology and Fuel Source 


Coupling these concerns with energy 
and material shortages has lead to the 
need to examine other forms of waste 
disposal, of which there are four main 
types: incineration, simple pyrolysis, 
partial oxidation, and reduction. 
Incineration is the direct burning of the 
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refuse. Simple pyrolysis was discussed 
previously; it is the burning of the 
refuse in an air free environment. Par- 
tial oxidation has also been discussed 
(@ee sections on gasification and 
pyrolysis): the process is the burn- 
ing of a substance in a limited oxygen 
environment. In reduction, the solid 
waste is reacted with carbon monoxide 

or hydrogen. 

Incineration as a method of waste 
disposal began about 100 years ago in 
1674 when attempts were made to burn 
municipal refuse in England. Those 
attempts failed because of the large 
quantity of wet garbage, the low temp- 
eratures attained, and the heavy 
production of o”ors (odors can only be 
eliminated if the temperature exceeds 
1,200 degrees F). The first incinera- 
tor recorded in the U.S. was built on 
Governor's Island, New York Harbor, in 
1685. (69) Since then, the composition 
of solid waste has changed; today, it 
contains more combustible materials 
such as paper. (70) Consequently, 
thermal processing is more feasible now 
and incineration is the most widespread 
type of thermal processing. Basically, 
incineration involves the burning of a 
substance in a furnace. Excess air is 
introduced into the furnace to encourage 
complete combustion. In spite of this, 
many unwanted by-products are produced, 
including aldehydes, hydrocarbons, and 
particulates. in order to meet air 
pollution codes, incinerators must have 
pollution control equipment to minimize 
the emission of these unwanted by- 
products into the atmosphere. Al) oi 
this equipment is expensive, particular- 
ly the electrostatic precipitators which 
are the most effective. 

Heat recovering incinerstors are 
basically the same as other inc inera- 
tors except they are composed of 
“water-walls.” The furnace walls are 
made of metal with tubes through then, 
much like a flat-plate solar collector, 
through which water is circulated and 
heated by the furnace (usually to the 
boiling point). The steam produced is 
then used for space heating, electricity 
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out certain essential functions: 


generation, or in industrial processes. 
Table 19 presents some of the charac- 


teristics of heat recovering incinera- 

tors. For a successful incineration 

arstem, it is necessary that the follow- 
in’ provisions be included for carrying 

(71) 

*. Receiving loads of mixed 
-efuse at varying rates of 
supply. 

2. Measuring the quantity of 
refuse received, 

3. Storing in a sanitary, 
accessible, nuisance-free 
manner, 

4. Sorting, Mixing, or otherwise 
preparing refuse for incinera- 
tion, 

5. Feeding the refuse to the sys- 
tem at a controlled rate, 

6. Drying the refuse sufficiently 
to permit ignition of combusti- 
bles, 

7. Burning the refuse to produce 
essentially inert solid residue 
and clean gases, 

8. Dissipating the heat of 
combustion, 

%. Cooling, collecting, and remv- 
ing noncombustibles, 

19. Cleaning and discharging 
effluent geses and liquids in 
an acceptabie forn, 

ll. Controlling the process for 
safety, efficiency, economy, 
and community acceptance, and 

12. Protecting personnel and equip- 
ment from the elements, 
dangerous refuse, and careless 
operation. 


Advantages and Disadvantages 


The advantages of combustion 

processes with solid waste are these: 

1. With proper operation, health 
problems associated with refuse 
accut’****on can be eliminated. 
The us! roducts of effective 
incineration are CO2, H20, Ne, 
and O02. 

2. Incineration can reduce the 
waste volume by about 60%. 














Table 19. Characteristics of a Heat Recovering Incinerator. 





l. Moderate excess air. 


2. Moderate size combustion chamber, but requires water tube wall construction, 
and may reguire additional parallel] lines for steam supply reliability. 


3. Furnace auxiliary cquipment similar to refractory incinerators, but less 
costly duc to lower gas flow. 


4. Requires expensive stcam facilities and controls, including water tube walls, 
waste heat boiler, boiler focedwater treating, soot blowers, steam condensers, 
and steam distribution. 


5S. Waste heat boiler producing steam used for cooling. 


(. Operations complicated by necessity to mect steam supply demands, maintenance 
of stcam equipment, presence of high pressure stcam systems, etc. 


~“ 


Possible steam tubc corrosion and erosion require monitoring and additional 
maintenance cost; aif pollution control equipment corrosion can be problem 
as with refractory incinerators. 


8. Higher operating costs because of increased complexity. © 


9. Considerable stcam credits possible in addition to salvaye, including 
in-plant use of steam for fan drives, heating, ctc. 











3. Incineration is applicable at 
a wide range of scales. 

4. Mixed garbage and rubbish are Assessing Suitability of Direct Combustion 
Suitable feedstocks for the of Solid Waste 
incinerator. 

5. Incineration is a hagh intensity 
use of land; it reduces the In order to make a preliminary 
amount of land required for assessment of the suitability of 
disposal. combustion of solid waste at your site, 

Disadvantages are these: it is essential that you do the follow- 

1. Landfill is still required. ing three things. 

2. Incineration is rarely effec- 1. Ascertain the demand for steam 
tive and therefore, pollution at your site. The decision to 
control equipment is required, go to energy recovery from 
particularly to reduce particu- solid waste is governed primari- 
late emissions and H2S produced ly Sy the nature of the market 
when plastics are burned. This for steam, including demand patterns 
pollution control equipment is and potential value. 
typically very expensive. 2. Determine how much of your 

energy demand can be ret by, © 
steam. The amount of steam 
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which can be produced is large- time to find out how guch energy you 
ly dependent upon the amount of can produce. This will largely depend 
solid waste available and its upon the total amount of solid waste 
corsposition. available and its composition. The 

3. Determine the economic viabili- composition is important since the 

ty of an energy recovering energy content of solid waste varies 

system at your site. This will greatly depending on the relative 

depend on the facilities’ amounts of moisture, and combustible and 

capital and operating costs, non-combustible materials as shown in 

the amount of steam produced Table 20. 

and the potential market for it There are two factors which affect 

plus the amount of savings the availability of solid waste: the 

accrued over other forms of total amount generated and the ease with 

waste disposal. which it can be collected. This is a 
function of the concentration of the 

Energy Demand for Steam feedstock and the seasonal distribution 

of its production. 

Having a potential user for the First, determine the potential 
steam produced is essential before decid- | energy available. If the total mass 
ing to produce steam. Generally, there and composition of the waste is known, 
are three m‘n uses of steam: heating, Table 21 can be completed to determine 
generating elec -ricity, and industrial the total energy potentially available. 
processes. If this information is not known, 

it can be estimated from national 
Energy Supply of Steam figures. Typically, 70 to 60% of 
municipal waste is combustible. (73) 

Now that you have determined the A median figure of 5,000 Btu per pound 

appropriate uses for the steam, it is can be assumed. If the total mass, but 





Table 20. Energy Content of Solid Waste as a Function 


of Composition 
(Source: Reference (72)) 


Nominal Refuse Heating Value; 


Btu/lb 6500 6000 $000 4000 3000 
Refuse, % Moisture 15 lé 25 32 9 
& Noncombustibile l4 16 20 24 28 

& Combustible 7] 66 55 44 33 

TOTAL 100 100 100 100 100 


Steam Generated; 
tons/ton refuse 4.3 3.9 3.2 Zed 1.5 
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Table 21. Determine Total Energy Potentially Recoverable 


(Source: Reference (70)) 


ete ei ee ee ee ee ee 





. 





' ' ' 
Mass of Btu Content Total Btus 
: Component ' ' 
: per Year ' : 
SLL LLL LLL LLL_LL_L_L_LE_ ELLE --—-- oe - 7 fe ee lie ee ee ee 
Paper products Bi 1 7660 ' 
wood ‘ + 78625 ‘ 
Brush, branches : ; 7140 ; 
Leaves : ; 4900 ; 
Grass } ; 3820 ; 
' ' ' 
Garbage ‘ ‘ 1820 
Greenstuff ' » 3470 ‘ 
Greens ' 4070 ; 
Rags, cotton, linen : 1 6440 : 
Rubber | 12,420 ; 
Plastic 16,000 
7 
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not the composition, of the solid waste 
is known, this figure can be used £5 an 
estimate. If the total mass is not 
known, then the total amount of solid 
waste can be estimated from the number 
of people who are gencrating it. Waste 
production per person per day varies 
from about 0.8 pounds to 3.3 pounds 
depending on the income, size of city, 
and many other factors. The median 
valuc, about two pounds of solid waste 
generated per capita per day, is prob- 
ably as good an estimate as any other. 
If the weight and composition of the 
solid waste generated cach year is 
known, the total energy available is 
simply determined by filling in Table 
21 and adding up the right column. 

If the mass gencrated per year is 
known, the total energy potentially 
recoverable can be estimated by using 
the following equation: 


TEPR = MSWG x 10 x 106 Btu/ton 


where TEPR is the total energy potential- 

ly recoverable per year, and MSWG is the 

mass of solid waste generated per year. 
If the total mass of solid waste 


produced is not known, the total energy 
potentially recoverable can be estimated 
by using the following equation: 


TEPR © population x 2 lbs/day x 
365 days/year x 5,000 Btu/Ib. 


Since no process is 100% efficient, 
incineration included, it is necessary 
to multiply the total energy potentially 
available per year by the efficiency of 
the process to determine the actual 
energy which might be recovered. 
Although the efficiency of the process 
depends on the specific equipment, the 
composition of the waste, and the type 
of operation, 60% is an average energy 
efficiency. Therefore, 


RE @ TEPR x 0.6 
where RE = the recoverable energy per 


year, and TFPR = the potential energy 
recoverable per year (calculated above). 


7. Economics 


Determining the economics of an 
energy recovering incinerator 15 a 
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difficult task. The problem of scale is 
significant. The only incinerators that 
are presently used to recover energy from 
solid waste are either prototype units in 
the order of 10 to 35 tons per day (that 
is, to serve 10,000 to 35,000 people per 
day) or very large units in the order of 
1,000 tons per day or more (designed to 
serve a million people or more). 

Such large scale incinerators are 
probably mot suitable for parks, refuges, 
or hatcheries since the population is not 
large enough to support such an operation. 
Although a 10 to 35 ton per day unit 
might be appropriate in some cases, in 
most cases even this size facility is 
probably too large. In either case, 
these prototype facilities will not be 
cost-effective. 

There may ‘Sowever be a cost- 
effective means of reducing wert ~o¢ 
saving energy. This is source separa- 
tion and recycling. (See also Volume I, 
Reference Manual, Waste Management.) 
naidleheac instituted sucn @ program ai: 
found it to be highly cost-effective as 
is clear from Table 22. (74) Table 23 
shows the order of energy savings which 
can reasonably be expected to be attain- 
ed by recycling. 

Such a program depends upon a co- 
operative community. Prior to introduc- 
ing their program, Marblehead had a six 
month education period to inform citizens 
of the program. Although this could 
probably be accomplished fairly simply 
for residents of parks, it is possible 
that park visitors may be less 
cooperative. 

The program also depends on having 
aclient for the materials to be 
recycled and potential clients should be 
found before any such program is 
instituted. 


Wood is a versatile resource. It 
has long been recognized as usefui from 
aesthetic, environmental, and materia) 
perspectives. In the future, it is 
likely that it will be recognized as an 
important source of energy. 
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A tree is a biological solar 
collector which captures and stores 
sunlight by photosynthesis, the 
process that converts atmospheric 
carbon dioxide into cellulose and other 
complex organic molecules which make up 
wood. Because wood contains solar 
energy stored as chemical energy, wood 
is a valuable source of renewable energy. 


History 


For centuries, heating needs were 
met entirely by the heat produced from 
the combustion of wood. Early fireplaces 
were large, dirty, and inefficient until 
significant design improvements were 
made in the 17th and 186th centuries. 
the U.S., Benjamin Franklin was one of 
the major contributors to the improve- 
ments made in combustion technology. 
as Franklin fireplace was a great 
improvement in energy efficiency over 
the conventional fireplace. 

In the U.S. between 1850 and 1900, 
the wood-burning cast-iron stove was 
the major source of heat for hot water 
heating and cooking. When fossil fuels 
became readily available, wood was 
replaced first by coal used in coal- 
burners and then later by o11 and natural 
gas. 


In 


The fireplace has always remained 
popular primarily for aesthetic 
reasons. tlowever, its prominence as a 
source of heat is coming to the forw 
again, a8 is the importance of wood 
stoves and furnaces, due to the increas- 
ing shortages and rising costs of fossil 
fuels. 

Wood heating technologies have 
Greatly improved since the beginning of 
the 20th century. Advances in design 
have improved the energy efficiency of 
fireplaces, stoves, and furnaces and 
have also made the combustion of wood a 
much safer and cleaner technology for 
producing usable heat. Today, the 
burning of wood is an attractive alter- 
native to fossil fvels as a source of 
heat. 


The combustion of wood has many 
Wood can be burned to produce 


uses. 











Table 22. MHarblehead Program Economics 











Re venues Diverted Incrementa! 


Month from disposa! collectia. Net 
1977 sales Savings cost: * savings 
January (12-31) $1,870 $2,990 $2.9 30 $1,930 
February 2,560 3,390 5,570 2,380 
March 3,790 3,680 4,450 3,020 
April 3,500 3,640 4,470 2,670 
May 2,400 3,390 3,850 2,940 
June 3,730 3,850 4,240 3,340 
July 3,280 3,350 4,040 2,590 
August 4,340 3,850 4,250 3,950 
September 3,360 3,580 4,050 2,890 


* Includes Labor costs as well as operation, maintenance, 
and capital amortization for the compartmentali zed 
trucks and all other equipment added as a result of the 
source separation program. 
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Table 23. Production Energy Potentially Saved by Recycling 





Energy Cost (1068tu/ton) 


Snaeionn 





Point of Virgin + hecycled ; Percent 

Material Impact Material Material Saved 
Steel + Molten , &.? +s 22.6 y©6 8a 

' ' ' ' 

1 Stee] ‘ ' ; 

' ‘ ‘ ' 

‘ ' ' ‘ 
Aluminum | Molten | 224.5 | 6.2 | 

| Aluminum } ; ; 

' ' ‘ ' 

‘ ' ' ' 
Plastics | Molten | 45.2 ; 2.0 | 

| polymer |} } ' 

; ' ; ; 
Paperboard Pulp 6.6 3.3 $0 

' ‘ ‘ ' 
Class | Transpor- | 7.8 ; 7.8 ; 0 

| tation ; ; ' 

' ' ' ' 

i ‘ ' i 
Copper $0.0 3.0 94 
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heat for cooking, water heating, and 
space heating. It can also be used to 
generate electricity or to produce heat 
and electricity by cogeneration. This 
section will concentrate on combustion 
technologies associated with the produc- 
tion of heat from wood. 


Technology and Fuel Source 


There are two basic types of wood- 
burning heaters. Open heaters such as , 
stone and metal fireplaces have open 
hearths and thus allow little contro) 
over the combustion process. Enclosed 
heaters, such as stoves and furnaces, 
are air-tight and have higher energy 
efficiencies. (See Table 24.) 

Masonry fireplaces have an average 
heatine efficiency of less than 10%. On 
very coli days when the temperature 
difference between the indoor and the 
outside air is about 20° F, the effi- 
ciency can drop as low as O08. In fact, 
the masonry fireplace can become a heat 
Grain. The damper must remain open as 
the fire burns down and this results 
in warm air being sucked from the room 
up the chimney. 

The efficiency of the conventional 
masonry fireplace can be improved in 
many ways. One simple way is to install 
tightly fitting glass or metal doors 
which will prevent the warm air in the 
room from escaping up the chimney. 
Another method is to place a small draft 
vent over the fireplace when the fire 
starts to burn down. The installation 
of a “thermograte” can also increase 
the energy efficiency of the fireplace. 
A “thermograte” is a grate composed of 
U-shaped tubes that draw cool air at 
the bottom and force hot air into the 





room from the top. A co’! iping 
installed in the firebou way up 
the chimney is the most eftec' ‘e means 


of increasing the energy efficiency of 
the fireplace, but it is also the most 
costly. 

Metal fireplaces are more energy 
efficient than conventional masonry 
fireplaces. The metal fireplace 
consists of a large metal hood over 4 
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base that hold the fire. When it is 
placed in the center of the room, the 
metal fireplece provides a more uniform 
heat distribution. Prefabricated meta! 
fireplaces are available, but they may 
be less energy efficient than the non- 
prefabricated units. Prefabricated units 
are typically covered with a masonry 
veneer which is a less effective radiator 
than an exposed metal] surface. 

The Franklin fireplace is a compro- 
mise between the aesthetics of an open 
hearth and the efficiency of a closed 
stove. It has closable doors which 
allow higher firebox temperatures and 
some draft control. Another feature of 
this fireplace is that it can be installed 
in front of an existing fireplace 
and connected to the existing flue. 

Airtight stoves have higher energy 
efficiencies than any of the fireplaces 
or the Franklin fireplace. The higher 
efficiencies are achieved by providing 
air in the correct amounts as needed. 
Also, the modern wood stove routinely 
maintains a fire for more than 12 hours, 
and the ashes need to be removed from 
the stove only once a week. 

A wood burning furnace is the most 
efficient wood heater available. Like 
an oil furnace, it takes up a lot of 
space and is very similar to a large 
circulator-type stove. It has a firebox 
S0 that wood and most residue is reduced 
to 4 Minimum amount of ash. The best 
models feature an intake damper controlled 
by an automatic thermostat. The 
damper closes automatically if the 
stove overheats, and opens to allow more 
air to enter if the fire gets too low. 
The furnace can hold a fire from 12 to 
more than 24 hours before more wood must 
be added. 

To distribute the heat from the 
furnace, air is drawn around the firebox 
and circulated through ducts in the 
building. Some furnaces can be used with 
hot water distribution systems and, in 
this case, the firebox is surrounded by 
water which is then piped into baseboard 
radiators or radiant floor systems. 

Wood combustion is almost never 
complete. Smoke and ash are the two 
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Tabie 24. Comparison of Wood Heaters 





Masonry 
Fireplace 
with Heat- 
Masonry Circulating Metal Franklin Closed Combustion | 
Fireplace Unit Fireplace Stove Stove Burner 
i ' ' i ' ' 
' ' ' ‘ ' ‘ 
Relative cost ! . : : ; 
-labor . very high! very high | low : low | low {| low 
($ or time) | ' ' : : : 
' ' ' ' i ' 
-~materials variable |! mediumto |! low to low | low to} medium to 
' | high me dium ane high 
; : ' ' ' ; 
Comfort & . . : : : ; good to 
Convenience fair | fair | fair fair | fair | excellent | 
' ' i ' ' ' 
' ' ' ' ' ' 
Heating poor to ! fair to ' good ; good ' very | excellent 
Efficiency ' fair 1 good . ' good } 
-—<—<—<—<—<<<<«<<& ee Se eee aw een SSSTSaNav_—_v—_r_ 
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major by-products of wood combustion. 

Wood smoke almost always contains 
unburned gases and tar-like liquids. 
Some of these will condense out of the 
flue gases onto a relatively cool sur- 
face. This condensate is called 
creosote and is usually brown or 
black. It has an unpleasant acrid 
odor. Carbon particles and ash are 
also contained in the smoke. The 
carbon particles are referred to as 
soot when they are deposited on sur- 
faces such as the fireplace, stove, 
or chimney walls. 

The solid residue in the wood 
heater is ash. It is a valuable 
fertilizer mainly because of its high 
potassium content. Potassium car- 
bonate can be extracted from the ash 
and is used in making soap. Wet ash 
is caustic and can be utilized as a 
degreasing cleanser. 


The air pollution created by wood 
combustion is different from the pol- 
lution produced by fossil fuels. Like 
the combustion of fossil fuels, the 
combustion of wood uses oxygen and adds 
heat and carbon dioxide to the atmos- 
phere (75). However, the emissions of 
sulphur oxides and nitrogen oxides from 
wood combustion are considerably lower 
than those generated by the burning of 
fossil fuels. 


The emissions of particles and 
unburned compounds, however, are 
higher for wood than for most fossil 
fuels. The costs of pollution control 
can be borne by the producer for in- 
Gustrial-size burners. However, for 
most domestic wood heaters, the costs 
of pollution control devices are pro- 
hibitive. Therefore, these burners 
usually emit a considerable wont of 
smoke. A large number of chemicals 
are found in wood smoke, but very 
little is known about their cffects. 
Therefore, further research is needed 
to determine the nature of the im- 
pacts of the chemicals present in wood 
smoke. 
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Several factors should be con- 
sidered when choosing wood for fuel. 
The energy content of the wood is one 
important criterion. Other qualities 
such as easy ignition, rapid burning, 
freedom from smoke, and uniform heat 
are also worthy of note. Generally, 
softwoods burn more easily than hard- 
woods and are used for kindling. 

Another important feature is the 
ease with which wood can be split. 

This is particularly relevant if you 
are chopping your own wood. Types of 
wood which have a straight grain and 
are free of knots are much easier to 
split than those with a twisted grain. 
The easiest woods to split are usually 
conifers. Some of the most difficult 
woods to split are elm, sycamore, dog- 
wood, and red gun. 

Most softwoods produce a lot of 
sparks and this can be a severe fire 
hazard unless the wood is densified*. 
Although drying can reduce sparking, 
some resinous softwoods such as spruce 
and hemlock should be used with caution 
in an open fireplace. 

Some types of wood burn more 
Cleanly than others. Wood with a high 
moisture or resin content can produce a 
smoky fire. Excessive «mok:« can be 
hazardous, particularly if large de- 
posits of soot and creosote accumulate 
in the fluc. These deposits are very 
flammable and can cause a sudden chim- 
ney fire. Most softwoods produce a lot 
of smoke and any type of green wood can 
cause a smoke problem unless used 
sparingly in a hot fire. 

Green wood is always heavier, 
harder to handle and ignite, and con- 
tains less energy per unit mass than 
seasoned wood. When burned, some of 
the energy produced by the wood is uscd 
to evaporate the moisture in the wood 
and thercfore, less usable energy is 
available. 





*A process in which the wood is sub- 
jected to high pressures to remove air 
pockets (and often moisture to some 
extent). Wood which has been so densi- 
fied has been referred to as “bio-coal.” 
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Burning green wood does have some 
advantages. Due to its high moisture 
content, green wood burns more slowly. 
If you are interested in obtaining a 
steady, low heat output over a long 
period of time, overnight, for 
instance, Mixing some green wood with 
some dry wood is ideal. Knowing the 
appropriate proportion and size dis- 
tribution of green wood required 
oomes from experience. If too much 
green wood is added, the fire will die 
out. 

The proper storage of fuelwood is 
necessary to keep the wood in the best 
condition for burning. Since green 
wood contains a large amount of 
moisture, it should be stored to allow 
it to dry. After a month of drying, 
the wood is seasoned and usually has 
a@ moisture content of 25%. The 
moisture content of wood never reaches 
zero* under normal conditions. Rather, 
the moisture content approaches an 
equilibrium depending on the storage 
conditions. 

If several conditions are met, the 
storage time of 
If the wood is cut and stored in small 
pieces it will dry more quickly. The 
better the air circulation around each 
log, the faster will be the drying 
process. Also, direct exposure to sun- 
light as well as indoor storage will 
accelerate the dr-ing process. 

If stored for a long period of 
time, the fucl valve of the wood may 
detcriorate due to rotting. Rotting is 


caused by the growth of fungi. Like 
fire, the fungi convert wood into 
water, carbon dioxide, and heat, and 


thus, rotting decreases the energy con- 
tent of the wood. The fungi are most 
productive at temperatures between 
60 F and 90 F, at @ moisture content 
of greater than 308, and in an environ- 
ment with an ample oxygen supply. (76) 
Safety is a major consideration in 
the installat.on and operation of ali 
wood heaters. There is little doubt 
that fires are more likely to occur in 
buildings with wood heating systems 
than in buildings with conventional 
heating systems. Most fires associa- 
ted with wood heating are due to un- 


the wood can be reduced. 
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safe installations rather than to any 
inherent danger of using wood as a 
fuel. By complying with safety star. 
Gdards and building codes, virtually 
all danger can be eliminated, except 
for the carelessness of the operator. 
(77) 


Advantages and Disadvantages 


The advantages of wood combustion 


a@re these: 


Law] 


o- 
‘ 


Technologies for wood combustion 
are well-known and proven. 


3. Wood heaters are relatively inex- 


pensive and easy to operate. 


4. Emissions of SO. and nO. are very 


low. 


5S. The ash by-product is a valuable 


fertilizer. 
Disadvantages are: 


1. Wood heater systems are more labor- 


intensive than conventional] heatina 


systems. 

2. Storage space is required for the 
fuc lwood. 

3. Emissions of particulate matter 
are high. 


4. Wood heaters can be a safety 


hazard if improperly installed or 
carelessly operated. 


Assessing Suitability of Wood 
Combustion 


In order to make a preliminary 


assessment of the suitability of wood 


combustion at your site, it 


t 
t 


l. 


iss essen- 
ial that you do the following three 
hings. 

Ascertain the demand for energy 
from wood at your site. There is no 
point in having a fuel which cannot 
be utilized. 

Determine how much of your energy 
demand car be met from the combus- 
tion of wood. The amount of energy 
which can be produced is largely 
dependent upon the amount of wood 
available and the type of conversion 
technology used. 

Determine the economic viability of 
wood combustion at your site. This 
will depend upon the capital and 


Wood is a renewable source of energy. 
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operating costs of the conversion 





will help you to assess which uses 





technology and the cost of the fuel can be fueled by wood. An examination 
which the wood is displacing. of your current natural gas and/or 
propane bills will give you a good idea 
Energy Demand for Wood of the total amount of fossil fuel 
a energy which can be replaced by wood 
Before deciding to produce energy enercy. This is useful, particularly, 


from wood combustion, you must first | 
find out if the energy produced can 
be put to good use. An inventory of 

your current energy uses and the type | 
of fuel being employed for each use ' 


if you cannot determine how much energy 
is being supplied by each type of fuel 
for each end-use. (See Table 25). 


Table 25. Wood Demand Chart 


Energy Use Present Fue! Rate of Energy Use Rate of Use of 
of Present Fue! Wood 





Space Heating 


Water Heating 
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Energy Supply of Wood determine how much wood can actually be 

tapped eco.ct. cally. 

Now that you have determined the Another important factor which in- 
appropriate uses for the wood, it is fluences the availability of wood for 
time to find out how much energy you combustion is the amount of wood which 
can produce. This will largely de- can be taken from nearby woodlots with a 
pend upon the total amount of wood minimum of environmental impact. This is 
available for combustion. a management question. Clear-cutting of 

The availability of the wood is large areas leads to erosion, loss of hab- 
primarily due to two factors. Many itat and changes in microclimate and the 
parks and refuges have an extensive removal of large amounts of wood residues 
forest cover, a potential source of hinders soil rejuvenation since valuable 
wood or wood waste. However, the nutrients are lost. Therefore, when de- 
proximity of the woodlots to the Ciding how much wood you can cut or 
buildings which house the fireplaces, gather, you must apply wise management 
stoves, or furnaces as well as the techniques to ensure that a sustained 
ease with which the wood can be yield of wood is maintained and that 


collected and transported will 
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negative environmental effects are 











bustion of wood is largely dependent 








minimized. upon two factors. The first is the 
Table 26. Approximate Weight, Available Heat of 
Different Woods 
(Source: Reference (78)) 
Type : Weight : Available Heat | Percent 
: Green : Air-Dry | per Cord * | more Heat 
| Wei ght : Weight : Green | Air-Dry | From Air-Dry 
: (lbs) , (ibs) : : , 8 
Soeece atest dasthasinsstnesstonat pete cetebeatentestestestens See ecesesessePecssseeesssssssss PS SSSSSSSSSSSS sooo 
Ash t 3,840 4 3,440 ‘ 16.5 ‘ 20.0 ' 22 
Aspen : 3,440 + 2,160 : 10.3 : 12.5 | 25 
Beech, American : 4,320 : 3,760 : 17.3 : 21.8 | 26 
Birch, yellow : 4,560 : 3,680 : 17.41 : 21.3 | 23 
Douglas-fir, heartwood : 3,200 : 2,400 : 13.0 : 18.0 ' 38 
Elm, American : 4,320 : 2,900 : 14.3 : 17.2 | 20 
Hickory, shagbark : 5,040 : 4,240 : 20.7 : 24.6 : 19 
Maple, red : 4,000 : 3,200 : 15.0 : 18.6 | 24 
Maple, sugar : 4,480 : 3,680 : 18.4 : 21.3 : 16 
Oak, red ' 5,120 ' 3,680 : 7.9 : 21.3 ' 19 
Oak, white : 5,040 : 3,920 : 19.2 : 22.7 ; 18 
Pine, eastern white 1 2,080 + 2,080 t 22.2} 13.3 1 10 © 
Pine, southern vel low : 4,000 ' 2,600 : 14.2 ; 20.5 | 44 
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° Standard cord-to-stack 4 ft x 4 ft x 8 ft containing 80 ft” e+ 


solid wood. Millions of BStus 


Once the availability of the wood is 
known, tie next step is to calculate how 
much energy the wood can produce. Table 
26 tells you the potential energy con- 


tained in various types of wood, and Table | 


27 indicates the conversion efficiencies 
for various combustion technologies. With 
this information, you can calculate the 


total amount of energy available from wood. 


The following equation will enable 
you to calculate the total amount of 
energy available per year from wood. 
Total Available Energy*Energy/cord 
(Table 26) x Number of cords «x Conver- 
sion efficiency (Table 27). 


Economics 


The economic viability of the com- 
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total cost of the wood conversion 
tecnology. The second is the amount 
of energy the system produces and the 
cost of the fuel that the wood dis- 
places. 

To assist you in the assessment of 
your costs, the following quide to com- 
pute your payback period is presented. 
Step 1. Find owt the capital cost of 
the wood conversion technology you have 
chosen. The best way to do this is to 
consult a local wood heater manufacturer 
or 4 retail outlet which sells the type 
of system you require. The wood tech- 
nology industry is growing in the United 
States and there are many manufacturers 
as well as stores throughout the coun- 
try which can give you the selling price 
of their equipment. 
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© Table 27. Wood Seater Efficiencies 





(Source: References (793) and (80)) 





Type Efficiency 


oo ll - --—-————-— ee Fr Fr Fe eer er er ee ee er eer ee = 


Masonry Fireplace 15 - 35% efficient for continuous use 
0-14% mpst common 








Metal Fireplace good designs may achieve 
efficiencies close to those 


of metal stoves 


scecccesecocesesessssoos 








Franklin Stoves 30 = SOR 

Metal Stoves 40 - BO 

Furnaces 40 - 80% 

eececccocosoccoososochlocooocceccccocce eecececccecoooesoscece eccece 
Step 2. Calculate the money you save available per year as calculated in 
per year by using wood for fuel. O- the Energy Supply section, compute 
tain current price for fuels which you the money saved per year by substi- 
now use and which will be replaced by tution of current fuel for wood. 
wood. Convert price cited by utili- (‘See Table 28). 
ties to price per million Btus of 

@ energy. Using the total energy 


Table 2@. Table for converting price cited by 
utilities to price per miliion B8tus. 














Natura’ Gas: Price/thousand cu. ft. x 1,000 = price/million Btw 
Fuel Oil: Price/gallon x 11.% = price/million B8tu 
Electricity: Price/kwh x 2.93 . price/million &t¥ 
Fuel Price Cited Price/mililion 8tu 

1 7 

' ' 

' ' 

' ' 
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The aralysis in Table 26 assumes 
that the operating costs of the wood 
combustion technology are negligible; 
that is, the costs of buying, cutting, 
transporting, and storing wood as well 
as the operation of the wood heater is 
assumed to be zero. If these costs 
are significant to you, then they 
must be subtracted form the total 
savings ‘vyeer as in the following 
equat ior.. 


Net savings/year = Savings/year - 
Operating costs/year. 

Step 3. Calculate your payback period. 
Payback period «= Capital cost of wood 
heater = net savings/year. 

In conclusion, it is apparent that 
wood heaters are one of the best enercy 
alternatives available for parks, 
refuges, and hatcheries. This is par- 
ticularly true where the energy costs 
are hich and where there is extensive 
forest cover. 
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ECONOMICS 


When it has been determined what 
size solar cell system is needed, 
Table 1 should be consulted for the 
costs of various size systems. Be- 
cause the price for solar cells is 
rapidly decreasing, projected costs 
are listed as well. The U.S. Depart- 
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assumes easy and low-cost access to the 
utility grid. If there is a connect 
charge to obtain utility electricty, it 
must be figured into the cost. 

For solar cell systems larger than 
one Watt, multiply the cost per Watt 
and savings per year figures by the 
Watt rating that your site needs. 
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INTRODUCTION 


Cogeneration, in the broadest sense, 
refers to any multiple use of a partic- 
ular eneray flow. In this inventory of 
on-site generation technologies, cogen- 
@ration is the combined production of 
electricity and process heat. “Genera- 
tion” refers to the conversion of some 
fuel to a usef'sl form of energy; “Co-” 
refers to the use of a single fuel for 
two purvoses rather than one. The under- 
lyine principle behind cogeneration is 
the use of waste enercy from one enercy- 
coneymina process to drive another. Thus, 
cogeneration is sometimes referred to as 
the sequential use of encrgy. Applica- 
tion of this principle can be found 
throuchout natural systems and in earlier 
historical epochs. Because cogeneration 
involves gettinc extra use out of the 
same fuel, it can be viewed as a form of 
conservation. 

Coceneration is possible because 
different uses of enercy require differ- 
ent types of fuel input. Burninae fossil 
fuels separately for different uses is 
wasteful if the waste from one ute or 
process is suitable to fuel another. For 
example, a uwniversity or large industry 
ray use the waste heat from its own 
electric generation syster to meet 
thermal requirements of ics buildings. 

In rrinciple, then, heating water over a 
wood stove is cogeneration, as is heat- 


ine a car with waste heat from the engine. 


In natural -ysters, “cogeneration” might 
better be referred to as “multigenera- 
tion” because every flow of eneray in the 
biosphere drives more than one process, 
an’ the waste from each process then 
@rives another. Ul*imately all energy 
flow ends up as low arade heat which 
warms the atmosphere and is then radiated 
Out to space. 


HISTORY 


Larqe-scale cogeneration of electri- 
city and process heat has long been tech- 
1ically and economically feasible. Co- 
generators were used extensively in the 


early years of American industry, and 
2c ounted for about 22% of U.S. electric 
ower supply in 1920. This percentage 
Gecreased to 18% in 1940 and to about 4% 
by 1976.2) the decline in use of 
cogeneration was largely a result of 
Gecreasec fuel and capital costs for 
electric power facilities used by utili- 
ties in the 1950s and 1960s, and the 
resulting low prices for bulk power sold 
to industry. Utility companies also 
Giscoureged industrial cogeneration by 
declining to buy surplus cogeneratec 
power at a fair price while, at the same 
time, charging exceptionally high fees 
for backup power supplied to companies 
uSing cogeneration aS a prime source. 
Some industries with considerable 
potential for co7zeneration did not go 
into the power business because of its 
historically low return on investment -- 
they preferred to expand their primary 
market instead. These industries also 
preferred to avoid coming under the 
jurisdiction of utility regulatory 
agencies. For example, large paper 
companies were profitably cogenerating 
in the 1920s and 1930s, but were forced 
out of the business when the Justice 
Department required them to decide 
whether they were in the paper or the 
electrical power business. In Germany, 
because these problems either do not 
exist or are relatively minor, 30% of the 
electric power supply still comes from 
cogeneration facilities. The widespread 
use of cogeneration is one of the reasons 
why many European countries use only 
about one-half the energy per capita as 
in the U.S., even though they have a 
Similar standard of living. 


TECHNOLOGY 


Cogeneration usually refers to the 
combined production of electricity and 
low or high grade heat. The two basic 
approaches to cogeneration are called 
“topping” and “bottoming” cycles. (See 
Fiqure 1.) The “topping” cycle is the 
most widely applicable form. It involves 
adding a generator to the front of a 
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Table 2. Costs per Watt and Potential Savings 


Utility Rate Savings Tayback Yearly 
Cost per Watt (¢/Watt hr.jper Year*® Period |Vtility Rate Savings 


$12.00 02 $3.66 164 yr. | .04 $ 7.32 
8.00 Od 3}. 66 109 04 7. Py 
2.00 02 1. 66 2? | .04 7.32 


50 O02 7.66 6.8 .0€ 7. 32 
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Figure 1. Flow Diagrams for Simpie Electric Generation and Cogeneration Systems 
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Disadvantages 


Disadvantages of cogeneration 
systems include the need for a utility | 
that will act as a working partner by 
purchasing surplus electricity. Without 
such an arrangement, installation of | 
cogeneration systems may mot be economi- | 
cally viable. A second disadvantace is | 
that diesel-powered cogeneration wits 
have some pollution emission problers. 


APPLICATIONS AND REQUIRED 
ENVIRONMENTAL CONDITIONS 


Cogeneration of heat and electricity 
span the scale of operation from 15 kw 
Fiat wnits to $00 kw wnits for hospitals, 
schools, or small industries to 70 Mega 
Watt units for a large industry. But 
because only larger scale wits are now 
commercially available, only a few of 
the larger sites will find immediate use 
‘or comeneration. It is anticipated that 
in the next few years, smaller scale 
units will be commercialized, makince the 
technology practical for smaller ap™.ica- 
tions. Though the principle of cogenera- 
tion is simple, selecting the exact sys- 
tem to meet your needs requires sophisti- 
cated and specialized engineeri' 3 exper- 
tise. Therefore, the materials presented 
here can only be used to make a prelimi- 
nary assessment and should be considered 
introductory. If you have a large site 
that uses large amounts of hot water or 
steam heat, you may well be able to use 
cogeneration. Make a preliminary assess- | 
ment, then seek professional quidance. 

The amount of electrical and thermal 
production is determined by site recuire- | 
ments and whether site management wants 
to indigenously meet all or a portion of 
its electrical and thermal needs in this 
way. For examlie, a site manager may 
want to meet all of the thermal demands 
and export surplus electricity, or he 
may opt to meet electrical demand and 
compensate for thermal eneray needs 
through another source, such as wood. 
The former option <-- exporting surplus 
electricity -- demands a hook-up to the 
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electrical grid and an obligins utility. 


PRODUCTION POTENTIAL 


The technology of cogeneration differs 
in several important ways from the others 
presented as on-site sources of enercy. 
First. the fuel sources are conventional 
fossil fuels -- diesel, gascline, or even 
coal and natural gas. (In the future, 
many of the same fossil fueled processes 
may utilize renewable energy sources such 
as wood or methane to a greater extent.) 
Second, selecting cogeneration equipment 
to retrofit an existing syster or to 
install as 4 new system requires soing 
through sizing procedures for both elec- 
trical and heating outputs. 

For the largest percentage of appli- 
cations, the system will be sized to meet 
the heating requirements of the building, 
facility, or site. There is sufficient 
Gesicon flexibility so that the resulting 
electrical output of the chosen system 
can meet al], most, or very little of the 
site’s electric demand. If the cogenera- 
tion unit is bought as a package fror a 
manufacturer, there is less choice regard- 
ing the level of electrical output for a 
given thermal output. Most manufacturers 
will custom design a cogeneration unit to 
meet required specifications for any 
facility. 

Tf the unit is chosen and sized 
primarily to meet the heating needs of a 
facility, there are three possibilities 
of electrical output. 

1. Electricity production will exact- 

ly meet the demand at the site. 
In this case, an emergency back- 
up generator or a small] battery 
storage system would be required 
to supply power at times of peak 
demand. 

2. Electricity production will be 
lower than the level of demand. 
Electrical needs will have to be 
met by a supplemental syster such 
as the utility grid. 

3. Electricity production will exceed 
Gemand. Surplus electricity is 
sold to the local utility and 
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process that produ es lower crade heat. 
This requires first increasinc fuel con- 
Sumption to raise combustion temperatures 
high enough for electrical generation, 
then using waste heat from generation to 
yield lower crade steam, hot air, or 
water for heating. “Bottoming” cycles 
may be used with high temperature indus- 
trial processes that produce so much heat 
that the waste heat is of high enough 
Quality to make steam, turn turbines, and 
produce electricity. In this case, the 
ecenerator is added to the “bottom” or 
end of the industrial process. Basic 
proguction in both paper and steel indus- 
tries 1s rum at temperatures hich enough 
to make this approach feasible. 
Cogeneration is twice as efficient 
as conventional central power stations 
{60% compared to 30%). Althouch cogen- 
eration plants operate on hich grade 
fuels yielding temperatures of over 3,00° 
Gecrees F, “topping” encines reduce the 
inefficiencies which exist at those high 
terperatures by first producine electri- 
city and then capturing waste heat for 
the production of process steam. Stear 
produced in this fashion for use in 
industrial processes or heating is 
usually at relatively low temperatures 
and pressures -- usually less than 200 
psi and 300 to 400 decrees F. | 
Most of the cogeneration units 
currently available are diesel or gas 
turbine encines with heat exchangers in 
the 159 to 10,000 kw size range. Most 
of them are suitable for industrial 
applications and for heating large 
installations such as schools, businesses, 
and hotels. Small scale, 5 to 20 kw 
cogeneration units suitable for use in 
the home or small park, refuge, or 
hatchery have not yet been commercially 
develoved. The only small scale cocen- 
eration unit now under development is 
the Fiat Motor Corporation's electricity 
production and heating wnit. This device 
consists of a small Fiat engine with heat 
exchanoers coupled to a 15 kw electrical 
generator. The heat produced by the 
enaine is captured by the heat exchangers 
and then used for space heat in buildings. 








But in addition to producing heat, the 
Fiat engine drives the electrical genera- 
tor. 

When installed, the Fiat syster is 
intended to be economically self-sustain- 
ing. Electricity produced by the systen 
would be sold to a local utility, and 
payment for the electricity would offset 
the cost of the fuel for the engine. 

Heat for the building would then be pro- 
vided for free. Because the wit would 
be operating only when space heat was 
needed in the building, electricity for 
the building would be provided on * 
constant, reliable basis by the utility 
company, instead of from the cogeneration 
wit. This would allow shut-down of the 
unit when space heat wat not required, 
without disruption of electric service. 
With a back-up battery storage system for 
use when the heater/generator was not 
running (see the section on Storage and 
Grid Integration), electricity could be 
obtained directly from the Fiat wit. 


ADVANTAGES/ DISADVANTAGES 
Advantages 


Cogeneration has numerous advan- 
tages. It saves fuel and capital and 
reduces waste; it requires little or no 
cooling water relative to conventional 
steam electric power generating systems; 
it can add substantial amounts of power 
generating capacity to the local grid 
thereby reducing utility peak capacity 
requirements and lowering rate increases 
designed to finance additional capacity; 
it can help decentralize power generat- 
ing sources and increase the overall 
orid system's reliability, lower its 
distribution and transmission costs, and 
decrease the need for back-up power; it 
permits greater flexibility to plan 
future electrical generating capacity in 
light of uncertainties regarding electri- 
city demand; and it can come “on line” 
much quicker than a conventional power 
plant (1 to 4 years rather than 6 to 10 
for central station plants). 
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INTRODUCTION of fuel, the cost/kwh is generally 


reduced by using the greatest per- 
Several of the energy production centage of the electricity generated. 
technologies Gescribed in the on-site 
generation section can be used to pro- TECHNOLOGY - STORAGE 
Guce electricity. They are wind, photo- 
voltaics , hydropower, and cogeneration. 
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finances the fuel for the 
cenerator. In some cases the 
proceeds from sales of surplus 
electricity significantly reduce 
fuel costs. In others, the 
revenue will not only make the 
cogeneration wit competitive 
with the existinc system, but 
will also add capacity to the 
local utility. 

If the unit is chosen to meet the 
electrical demand of a site, the reverse 
situation occurs. This is the least 
economical of the two cases in most 
instances because surplus heat is sore 
difficult to market than surplus electri- 
city. Furthermore, another heating sys- 
tem would have to be maintained. The 
second system would also operate at «@ 
lower efficiency than the cogeneration 
unit. 

To make the preliminary assessment 
of cogeneration potential, you must be : 
aware of both the heatine and electrical | 
requirements of your facility. | 

ECONOMICS | 

The following chart (Table 1) lists | 
some of the cogeneration systems current- 
ly available (or soon to be available in 
the case of the Fiat wnit) in a variety 
of sizes. Your site's power needs should 
be checked against the systems listed 
beirw to give you an idea of the costs 
involved with a cogeneration syster. 

More detailed cost accounting procedures 
can be found in the References. The 
best procedure for calculating the cost 
and payback of a cogeneration whit at 
your site is to contect a manufacturer 
or consultant. 

If your requirements are radically 
different from any of these, you may 
make economic estimates for a custom 
cogeneration system based on the fol low- 
ing rough figures. 

1. Cogeneration wiits cost approxi- 
mately $400 per kw to install, 
regardless of size. 

2. Cogeneration wnits reted wider a 
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million BTU/hr output cost 


162 


$100,000 per 10° sru/hr to 


install. 

3. Cogeneration wits rated at 100 
million BTU/hr or greater cost 
$30,000 per 10° sru/hr. 

These figures relate to the systems 

presented in Table 1. 

Paybac= periods must be calculated 
for each individual system, based on 
installed costs, riduced fuel costs, 
electricity sales to utilities, reduced 
electric costs, current electricity costs, 
and so on. An adequate cosi/spay>: 
analysis is only possib)< after con- 
sultation with an engineer, manufacturer, 
or cogeneration expert and a utility 
representative. The yellow pages of 
the nearest large city telephone di- 
rectory may be of assistance in lo- 
cating local cogeneration system 
installers. In the eastern part of 
the U.S., such companies have been 
listed under Fuel Companies, some of 
which are diversifying by supplying 
diesel powered cogeneration systens. 
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applicable. Rapid change in the dimen- 
sions of the reservoir can also cause 
disruption of local flora and fauna 
Smaller scale uses of the approach have 


been designed using standard water tanks 
instead of uphill reservoirs. 





modern materials and innovative designs 
Energy is stored in fast spinning, mini- 
mum friction wheels. They are still in 
the research phase and are not consid- 


ered safe or currently available. 
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Table 1. Cogeneration Systen 
HEAT ELECTRICITY 
OUTPUT AND Naximum | Maximum | 15 yr Life |20 yr Life | Rated Maximum | Installed 15 yr Life |20 yr Life 
TYPE BTU/hr | BTU/yr | Cycle Cost | Cycle Cost | Output —s Cost 5 /kw Cycle Cost | Cycle Cost 
SYSTEM xlc® x10 $/meTU $/™BTU xl $x10/ Inscolled $/kweh $/kwh 
Internal Combustion 
Fiat 127 0.131 1.13 0.17 0.13 0.131 2. %6 190 0.0015 0.0011 
Diese! 
Cummins 0.53 4.58 0.78 0.59 1.05 54.0 450 0.0034 0.0026 
Cunmi ns 0.66 5.70 0.79 0.59 1.30 67.5 400-450 0.0035 0.0026 
Cunmuns 1.20 10.37 0.72 0.54 2.40 112.0 300-40) 0.0031 0.0023 
Gas Turbine 
Solar Turbines 9.90 65.54 0.24 0.18 7.00 308.0 38s 0.0029 0.0022 
Solar Turbines 28.00 241.92 0.25 0.19 23.00 907.0 340 0.0026 0.0020 
Solar Turbines $5.00 475.20 0.31 0.23 64.00 {2,200.0 300 0.0023 0.0017 




















WOTE: Life cycle cost information is based on installed costs only. 
No maintenance or operational costs are incivuded. 





(63 























COGENERATION 





l. Williams, R. “Cogereration.” Princeton, NJ: The Center for Environmental 
Studies, Princeton University, 1978. 684 pp. 


Bos, P. The Potential for Cogeneration Development in Sex Major Industries by 
1985. Report to the Federal Energy Administration. Cambridge, MA: Resource 
Planning Associates, Inc., 1977. 229 pp. 


Dittrich R. F., an@ Allon, K. D. PSE&6G Cogeneration Evaluation. Newark, NJ: 
Public Service Electric and Gas Company, 1977. Report No. 36.76.12. 43 pp. 


Hagler, 4. A Technical Overview of Cogeneration: The Hardware, the Industries, 
the Potential Development. Report to the Division of Industrial Energy Conserva- 
tion, Department of Energy. Washington, DC: Resource Planning Associates, Inc., 
1977. 69 pp. 


Nydick, S. E., Davis, J. P., Dunlay, J., Fam, &., and Sakhuja, BR. A Study of 
Inplant Electric Power Generation in the Chemical, Petroleum Refining, and Paper 
and Pulp Industries. Peport to the Federal Energy Administration. Waltham, MA: 
Thermo Electron Corporation, 1976. 290 pp. 











STORAGE and GRID INTEGRATION 


System in a year can be estimated based 
on the above information. For most sys- 
tems there will be periods when the 
batteries are discharged, and the power 
source is wnevailable. The cost of 
energy supplied by the storage syster 
can be seen as the cost of storage sys- 
tem alone because the stored enereav i« 


utilities Commission. 

The cost of the integration system 
must be balanced against the price paid 
by the utility for power channelled into 
the grid. These figures cannot be 
estimated precisely. A determination 
that a storage or integration system is 
needed muct be based on an overall 
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fable 1. Costs and Efficiencies of Components for a Battery Storage Systen* 








Future Potentia/ 

















Current 
Cost Efficiency Cost Efficiency 
Batteries 5107 (kwh 75q°° $3 9-50/iwh esaer 


Control 


<< ee a 2 ae - 


PHOTOVOLTAICS 








Photovoltaic cells (",hoto” mean- 
ing light, “woltaic” geaning 
electricity) produce electricity 
Girectly from sunlight:  Photocells 
have several advantages over tredi- 
tional electrical production 
technologies, perhaps the most 
significant is that they have no 
moving parts. Photovoltaic electricity 
generation is a chemical process, 
rather than 4 mechanical ome like those 
used in typicel power plants. Besides 
offering an inherent simplicity, 
photovoltaic cells consume no fuel, 
their operetion is pollution-free, 
and they are noiseless. They have 
long lifetimes, require little main- 
tenance, operate at low, safe temper- 
atures, and can be made from silicon, 
the second most abundant element in 
the Earth's crust. Photovoltaic cells 
are modular in nature and can thus be 
used for a wide spectrum of applica- 
tions: modules of a few watts can 
power lights of radios in remote 
locations while huge integrated 
complexes can be erected to supply 
urban or indvstrial power needs with 
hundreds or thousands of Mega Watts. 

Photovoltaic cells alone do not 
normally convert more than 108 of the 
sun's energy into eiectricity. But 
they could be used in conjunction with 
flatpiate or concentrating solar 
thermal collectors to convert more of 
the total available radiation. 

Despite the numerous advantages 
of photovoltaic celis, they are not 
currently in widespread use, due 
primarily to econamic considerations. 
The first photovoltaic cells cost 
about $2,000 per Watt in the 1950s. 

As is true for most renewable 

energy hardware, the economics of 
solar photoelectricity is changing 
rapidly for the better. In the 1960s, 
manufacturers had photovoltaic cells 
available at about $200 4 Watt. 

Cells are now available at less than 
$10 per Watt. 
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Solar cells are a part of the semi- 
com@éuctor revolution which began in the 
1940s with the advent of the transistor. 
the products of this revolution per- 
mitted the widespread use of color 
television, pocket calculators, digital 
watche electronic ‘m*trumentation, 
COfmmViice.aom satell, es, and modern 
com ers. The solar cell offers as 
gres. @ possibility for changing Western 
cult ure and econmemics as the latest 
adva:*.s in electronics technology. 

The first patents for solar cells were 
esteblished in the early 1940s. Al- 
theugh the technology hed been worked 
out on paper, the necessary break- 
through that allowed them to be 
manufactured did not occur until 1954, 
in the Bell Laboratories. By 1956, 
solar cells were being proguced and 
were first applied to powering space 
satellites. The Vanguard Tv-4, 
launched in early 1956, used a solar 
cell system which provided only 0.1 
Watts of power. Solar cells were later 
used in the more sophisticated Telstar, 
Pioneer, Mariner, and communication 
satellites as well as in the manned 
Apollo and Skylab missions. 

From the mid-1950s to 1973, 
virtually the only application for 
solar cells was in space. Some celis 
which were initially produced for the 
spece program but did not meet NASA's 
rigid performance specifications, were 
used in remote terrestrial locations 
in the Arctic, Antarctic, and isolated 
mountain and desert gegions. Solar celis 
are now used to power wristwatches, 
buoys, reilroad signals, road signs, 
emergency telephones, irrigation pumps, 
and household appliances. Almost any 
Gevice that runs on electricity can be 
powered by @ grouping of photovoltaic 
celis. 

Prices for solar celis have tumbled 
further and faster since 197} than they 
had in the preceding 20 years. While 
costs for solar cell arrays in the 1950s 
reached $2,000 per Watt, fram 197) to 
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1977 prices dropped from a high of $500 
to approximately Sli/Watt, a 45-fold 
Gecrease. Since 1977, prices have 
Gropped even further. A recent re- 
quest for proposals from the Department 
of Emergy called for concentrating 
photovoltaic systems producing 
electricity at $2/Watt. Nine campenies 
offered to meet this price level by 
the end of 1979. For most applications, 
the cost gust drop to less than $1 in 
order to be competitive, but based on 
recent industry tzends, this goel could 
be met as early as 1963. There are 
many applications, however, where the 
cells are already cost-effective. 
Advances in cost redurtion have 
been matched wy sedvances is efficiency. 
In 1973, industry set 2 71 of achiev- 
ing silicon scolar cell efficiency of 10% 
by 1983. wo years later, two compenies 
succeeded in making such cells. The 
increasing solar cell efficiency has the 
obvious importance of reducing costs. 


TECHNOLOGY 


Solar cells are made from many 
materials. Silicon, however, is the 
most common but there are cells under 
Gevelopment that are made from cadmiw 
sulfide and gallium arsenide as well. 
All work in basincaliy the same 
fashion ~- solar cells are semi- 
conductor crystels. <A semiconductor 
is a basic element or mixture that 
neither conéucts electricity (es does 
copper ofr siuminuw®) nor acts as an 
insulator (es Goes rubber). A semi- 
conméuctor does not conduct electricity 
in the dark at low temperature, but 
will conduct in sufficient light and 
heat. 

Two types of semiconductor 
silicon are used in silicon solar celis. 
One type hes added boron atoms which 
Give it @ slight positive charge; the 
other type has edded phosphorus or 
ersenic atoms which give it a slight 
negative charge. These two types of 
silicon are put together in @ solar 
cell and « junction is formed with an 
electronic charge imbalance between the 
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two layers. When sunlight hits the solar 
cells, photons strike the atoms in the 
cell and excit« their electrons so 

that they escape the strong pull of the 
protons in their nuclei. The freed 
electrons move toward the positively 
charged silicon and then owt into the 
electrical circuit wire to power the 
light, motos. of other device using 
electrical power. Essentially then, 

@ solar cell converts @ portion of the 
energy in sumlight into the msovement 

of electrons around « circuit. 


ADVANTAGES / DISADVANTAGES 


There are advantages to photo- 
voltaic cells and electrical generation 
systems that are so enticing that 
they are often spoken of as the ultimate 
fuel source or as someday being the 
perfect electrical generation technology. 
Since it is widely believed that the 
sun has at least another 2 biilion 
years of productivity, ome maror ed- 
vatege of soler celis is that there 
is an abundance of free fvel. The 
other important advantege is that there 
is no economy of scale in relation to 
photovoitaic arrays -~- te #t is, it is 
nO more expensive per whit of usable 
output for a household-sized photo- 
voltaic system than @ massive central 
photovoltaic plant generating enough 
energy to meet the needs of «4 whole 
state. There may, in fact, be dis- 
economies arising frome transmission 
losses with large installations. 

The disadvantages are relatively 
minor. The omsy reel impediment to 
wide scale usege of solar celis is cost. 
Initial costs are not currentiy 
competitive with the stated costs of 
other electricity sources, although 
recent studies have revealed that 
there are substantial government 
subsidies to these other soureny that 
make direct comparison unfair. ) The 
price of photovoltaic celis is decreasing, 
and careful Market stimulus is expected 
to make costs competitive within five 
years. ‘¢) 
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Other disedvanteges are sisilar to 
those associated with all intermittent 
energy sources, principally that demand 
for electricity does not change as the 
sun shines. Variability problems can 
be largely satisfied by using 
betteries and grid integration devices 
(see Storage and Grid Integration). 


APPLICATIONS 


PhoLlovoltaics are applical.¢ 
wherever electricity is in demand. 
There are three general types of 
photovoltaic electricity applications 

1. Darect Grad Subsidy -- where 
solar celis are used to reduce 
electric Gemanéd from the grid, 
thereby acting a6 negative 
appliances, wsing the grid 
as 4 storege mediw for the 
electricity produced by the 
ceiis. 

2. Battery Storege -~- where solar 
cells pro@uce electricity that 
is stored in batteries for 
wee Guring periods when there 
is limited sunlight of none 
at all. Battery storage may 
aiso be necessary where remote 
locetions meke grid connections 
impossiftle of economically 
prohibitive. 

3}. Direct Use -- for direct current 
apr iications that require energy 
oniy when the sun is shining. 

Solar ©c!is 4f® elready in use for: 
powering refrigerators, lights, water 
pumps, and redios for the U.5. Forest 
Service; powering remotely located 
National Weather Service Stations and 
refrigerator for an Isic Royal 
National Park trail camp in Michigan 
and at the Papego Indian Village in 
Arizona; pumping well water and provid- 
ing lighting in indian reservations in 
New Mexico and Arizona; powering four 
water pumps that are part of « solar 
spece and hot water heating system for 
@ condominiut tn California; and powering 
an educational television system in 
Nigeria and irrigation pumps on « tare 
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in Nebrasia. 


REQUIRED ENVIRONMENTAL 
CONDITIONS 


The only critical comditions re- 
quired for photovoltaic systems are sun- 
shine ané access to it. The cells are 
commected in modules. and several modules 
are generally commected as paencis. These 
are generally the size of typical flat- 
plate collectors, 29 to 25 square feet. 
Panels are mow ted with maximum access 
to the sum, on 6 Gaily besis and on @ 
yearly basis. Crientation. *hen, is 
to true south, tilted to an angle 
roughly equivalent te one"s degree of 
letitude. Any sovuthfecing rooftop 
or Clearing can be used for mow ting 
photocelis. 

Figure 1 is @ map giving «a rough 
estimate of the solar intensity in the 
V.c. The higher the kilowett hour 
pet square meter, the better the 
chances of economical electrical 
production by solar celis. The amowit 
received in the New England states is 
about two-thirds the amount received 
in the southwestern states. in every 
area, of course, the amount received 
varies with the weather, the time 
of day, and the seasen. Pemember that 
the cost of electricity in your srea 
also affects the economic viability of 
photovoltaics as an alternative. 


\ mall solar cell array can pro- 
vide enough energy to power warning 
lights, emergency telephores, and 
similar apparatus in remote locations. 

A large solar cell affay can power aimost 
anything the local wtility can. If 
alternating current (AC) is required, 

& power inverter must be used since 

solar cells produce direct current (iC). 
because power is often needed when the 
sun is hot shining, some type of storege 
system is necessary. Batteries are 

the most commonly used storage devices, 
although other systems are being 


developed. 
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on less than 1,400 









1,400 to 1,600 





1,600 to 1,800 


] ,800 
to 2,000 


Figese 1. Amount of Soiaer Radiation Received each Year in Different Areas in the 
U.8. Cowh/sat) 


As noted above, the major deterrent | The map gives some idea of the 
*o the use of solar celis is cost. range of solar intensity in the U.5. 
Local production potential, then, is ‘The local weather bureau will be able to 
a function of: 1) your specific site tell you the average number of sunny 
demand, and 2) available space for sovuth- days at your particular site on an 
facing arrays. To calculate array - annual basis. If you are in @ parti- 
spece, assume that for cells of 10% | eularly clowdy of foggy region, it is 
efficiency one square foot will produce | possible thet any type of solar cell 
6 to 7? peak Watts with the regular, | arrangement would not be economical 
round cells, while the high density, _ Refer to the Solar Thermal section to 
rectangular celis will pro@uce appraxi- Getermine whether your site has 


mately 12 peak Watts. 


adequate solar ingoletion to permt 
use of a photovoltaic collecting 
system. 
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ECONOMICS assumes easy and low-cost access to the 
utility grid. If there is a connect 
When it has been determined what charge to obtain utility electricty, it 
size solar cell system is needed, must be figured into the cost. 
Table 1 should be consulted for the For solar cell systems larzer than 
costs of various size systems. Be- | Ome Watt, multiply the cost per Watt 
cause the price for solar cells is and savings per year figures by the 
rapidly decreasing, projected costs Watt rating that your site needs. 


are listed as well. The U.S. Depart- 
ment of Energy has projected the cost 
of solar cells to reach $.50 per Watt 
in the early to mid-1980s. Whether 
these projections are borne out will 

be apparent at the time of solar cell 
purchase. Manufacturers of solar cells 
such as are listed in Reference (3) 

can be consulted for current prices. 


Some solar cell manufacturers 
offer a computer service that will help 
determine the best solar cell panel 
array, tilt angle, and size of battery 
storage for a particular power require- 
ment and location. Those companies 
offering such services are listed in 
Reference (3), along with other manu- 
facturers of photovoltaic cells. 





Table 1. Prices of Solar Cell Arrays 1978 

































































Cust (in BO ae 
| Size of System ___ 1978 |rrojected #1] #31985) | 
| Wate 0 —— _212_ —— ._44. a 
‘5 Watts as Cn | ae o 40 ---£2:20 4 __ 84 | 
10 watts ‘| +420) —80 $s 2.50 © 
100 watts | «2,200 | g00 | ____ $0 | s25 
$00 watts «| «6,000 | 4,000 | _ 250 | 42s) 
lL kilowatt | 12,000 | 6,000 | $00 | 250 
[S kilowatts | 60,000 | 40,000 — 2,500 | 1,250 | 
10 kilowatts | 120,000 | 80,000 _ __$,000 | 2,500 
100 kilowatts [$1.2 x 10° | 600,000. 50,000 | 25,000} 
500 kilowatts _—s | 6.0 x 10, 154.0 x 10) | 250,000 | 125,000 
] Mega Watt 12.0 x 10° | 8.0 x 10° 500,000 250,000 

es oe oe 








Table 2 lists the costs per Watt 
and savings that could be accrued each 
year, assuming different utility rates. 
The time needed to pay back the initial 
capital investment is also listed. 
Whether it is economical or not to pur- 
chase and install a photovoltaic syster 
will be determined by the unique needs, 
environment, finances, and values of 
each site. To use Table 2, find the 
local electric rate and read across to 
see the savings per year in dollars and 
payback period. Remember that this 


table only compares solar-cell-produced 
electricity with electricity being pro- 
duced by the local utility. This 
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Table 2. Costs per Watt and Potential Savings 





Utility Rate Savings Payback | Yearly Payback 
Cost per Watt (¢/Watt hr.jper Year* Period |UVtility Rate Savings 'eriod 








$12.00 .02 $ 3.66 164 yr. | .04 $7.32 682 yr. 
8.00 02 3.66 109 | 04 7.32 55 
2.00 02 3.66 27 .04 7.32 lé 
50 .02 3.66 6.8 | .04 7.32 3.4 
25 .02 3.66 3.4 CO .04 7.32 1.7 
12.00 06 10.98 55 | .08 14.64 4] 
8.00 06 10.98 ¥ | .08 14.64 27 
2.00 .06 10.98 9 08 14.64 6.8 
.50 06 10.98 2.2 | .08 14.64 1.7 
.25 .06 10.98 1, J 08 14.64 8s 
12.00 .10 18. 30 32.7 | 25 45.75 13.1] 
8.00 10 18. 30 21.8 | 25 45.75 8.7 
2.00 10 18.30 5.4 25 45.75 2.1 
50 10 18. 30 1.3 25 45.75 54 
25 10 18. 30 . 66 25 45.75 . 2€ 
*To operate one 100-Watt light bulb 5 hours/day = .5 kwh/day = 183 kwh/yr. 


50 Watts of solar cells operating 10 hours/day equals approximately 500 wh or 
~5 kwh/day. 
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INTRODUCTION 


Several of the energy production 
technologies described in the on-site 
generation section can be used to pro- 
@uce electricity. They are wind, photo- 
voltaics , hydropower, and cogeneration. 
With the possible exceptions of hydro- 
power and cogeneration, these energy 
Sources are variable. Only rarely will 
their output exactly match power demand. 
This is because the wind does not always 
blow, nor does the sun always shine; it 
may also happen that the sun is shining 
and the wind blowing when the demand for 
electricity is ! w or nonexistent. The 
total average output, however, may be 
adequate or nearly adequate to meet 
local needs. A primary problem when | 
considering the use of such variable 
energy sources is how to assure contin- 
uous energy supply. This is a problem 
of availability and storace. 

The problem may be solved in 
two ways. The first solution is 
Store the energy when production 
demand and draw from that stored eneray 
when demand exceeds production. The 
second is integration of the on-site 
power source into the local power grid. 
If it is impractical to interface direct- 
ly with the local power gril, energy 
storage is the only option to assure 
continuous or near continuous availabil- 
ity of power. If the grid is accessible 
and local regulations permit, it may 
accept and distribute power from the 
source when production is greater than 
the on-site power requirements. The 
grid can then supply back-up power when 
output from the on-site source fails to 
meet the on-site demand. Thus the grid | 
becomes an absorber or redistributor. 

In cases where grid integration is feasi- 
ble, it is often more economical than 
energy storage, given the costs of energy | 
storage systems such ai battery packs. 
/ 


one of 
to 
exceeds 


- ee 


Both the storage and the integration 
options help to maximize use of on-site 
power systems. Since the primary cost 
of e) ical systems is the original 
vestment rather than the cost 


capi 





of fuel, the cost/kwh is generally 


reduced by using the greatest per- 
centage of the electricity generated. 


TECHNOLOGY - STORAGE 
Batteries 


The only readily available, wiiver- 
sally applicable storage device for energy 
once it has been converted to electricity 
is the rechargeable battery, or secondary 
cell. Secondary cells should not be 
confused with primary cells, such as 
flashlight batteries that cannot be re- 
charged. Secondary cells store energy as 
electrochemical potential energy. This 
stored energy can be released as DC 
current at some later time. The batteries 
are modular storage elements in that they 
can be connected -- in series, or peral- 
lel, or both -- to yield any capacity and 
power output desired. 

All on-site systems capable of pro- 
ducing electrical energy can be used to 
charge a secondary cell storage system. 
Battery charging systems should be 
Gesigned to prevent: 

l. large charging voltages which 

cause overheating, 

2. low charging voltages which cause 

discharge of the battery, and 

3. overcharging which causes 

electrolysis of the water in the 
electrolyte. 
Voltage regulators designed to prevent 
these problems are availabie. 


Pumped W ater Storage 


Pumped water storage is the only 
other storage method which uses “off- 
the-shelf”" or available technology. 
Energy is stored before its conversion to 
electricity by pumping water uphill into 
a reservoir. When power is needed, the 
water is released to drive a hydro- 
electric generator. Such systems are in 
use at several large hydroeiectiic sites. 
Although <cffective, pumped water storage 
must be situated near a hydroelectric 
installation, and thus is not universailiy 
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applicable. Rapid change in the dimen- 
sions of the reservoir can also cause 
disruption of local flora and fauna. 
Smaller scale uses of the approach have 
been designed using standard water tanks 
instead of uphill reservoirs. 


Compressed Air Storage 


Compressed air has been used as 
an energy storage medium at several 
European power stations. Off-peak power 
is used to run a compressor which pumps 
air into storage tanks. The air can 
then be released and expanded through a 
turbine to meet peak power demands. 
This type of system is not considered 
economically feasible on a small scale 
(i.e., less than 50 MW). Furthermore, 
compressed air systems cannot be con- 
structed using off-the-shelf equipment, 
but must be specially designed and con- 
structed for each application. 


Hydrogen Energy 


Electricity produced in excess 

of demand can be used to electrolyze 
water and yield hydrogen. This means 
the electric current is passed through 
water, breaking down the water molecules 
into separate hydrogen and oxygen mole- 
cules. Hydrogen, then, can be used as a 
fuel (an excellent natural gas substi- 
tute)whenever it is needed. 


solid. The hydrogen can also be stored 
and later combined with oxygen ina fuel 
cell to produce electricity. Hydrogen 
has heen used and stored safely in 
industry for years, but safe uses are 
expensive in spite of the basic simplic- 
ity of the conversion technologies. 
Small-scale hydrogen storage systems are 
now under testing and development, and 
show potential as a long-term option. 
However, they are currently impractical 
for most uses considered here. 


Flywheels 


Complex flywheel systems have 
been built for energy storage using 


Like natural 
gas, it is stored in tanks as a liquid or 
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modern materials and innovative designs. 
Energy is stored in fast spinning, mini- 
mum friction wheels. They are still in 
the research phase and are not consid- 
ered safe or currently available. 


TECHNOLOGY - GRID INTEGRATION 


If the power grid is accessible, the 
least expensive method for maximizing 
the use of on-site power generation may 
be to feed excess electricity into the 
grid. This feeding process is only 
feasible if power produced by the local 
source is compatible with the power in 
the line. This compatibility requires 
that the output of the generator match 
the line power in phase, frequency, and 
voltage. The 60 cycle AC must be matched 
very accurately to avoid harming both the 
grid and the appliances. 

These requirements pose a problem in 
integrating power from photovoltaic sys- 
tems, wind powered generators, and other 
DC or highly variable AC systems. If Dc 
power is produced, the output of the sys- 
tem must be fed through an inverter to 
obtain AC current before it is fed into 
the grid. Another option for construct- 
ing a wind powered generator producing AC 
power that is directly compatible with a 
grid involves the use of modified genera- 
tors. Both the inverter and the modified 
generator are discussed below. 

The requirement that output from the 
on-site generator match line power in 
phase, frequency, and voltage poses less 
of a problem in integrating hydroelectric 
and cogeneration systems than the tore 
variable ones. This is because the power 
output from steam or hydroelectric tur- 
bines can be better controlled by adjust- 
ing the flow of steam or water through 
the turbines. 


inverters 


One of the simplest and most 
inexpensive systems for integrating small 
scale variable sources with larger exist- 
ing centralized electrical grids is called 
a synchronous inverter. When on-site 
electrical production capability is 











STORAGE and GRID INTEGRATION 


’ 


installed, the inverter integrates the 
electricity produced by the o~-site 
source with the electricity supplied by 


a —> <a 


the grid. 
The first function of the invert- 
er is to convert the DC electrical signa] 


from the on-site generator to a 60-cycle 
AC signal and to synchronize the 60-cycle | 
Signal with that of the grid. Secondly, 

it regulates the two electrical supply 
sources in order to assure continuous ' 
supply. The inverter and a small and 
inexpensive solid state contro] ensure 
that when electrical supply from the on- 
Site source is equal to demand from ad- 
jacent facilities, the electricity for 
these facilities comes from the local 
source. When demand from the facilities 
is greater than the supply generated on- 
Site, the inverter allows the energy / 
produced by the on-site source to be 
subsidized by electricity from the grid. 
At times when demand from the facility 
is smaller than that being produced on- 
Site, the surplus electricity is fed in- 
to the urid, causing the meter to run 
backwards and to charge the utility for 
the additional energy. 

There are three basic types of 
inverters: liane commutated inverters, 
self-commutated inverters, and cyclo- 
inverters. We will consider only line 
commutated inverters here because the 
other two types are used in self- 
suffacient or independent situations and 
are more expencive and complex. Line 
commutated invertrrs can be used when- 
ever a utility line is accessible. These 
inverters feed power into the electric 
jrid using the line power as a reference. 
Usually, a synchronous inverter with a 
thyristor bridge circuit is used to feed 
current into the line. The output of the 
inverter is dependent upon the difference 
between the DC voltage produced by the 
power source and the AC line voltage. 
When the line voltage is greater in mag- | 
nitude than the inverter voltage, the | 
thyristors switch off to prevent power 
from flowing from the line into the Dc 
source. 


One 2xample of a line commutated 
synchronous inverter is the Gemini In- 
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verter, now available for use with wind 
generators. It links the output from 
the wind generator to a public utility 
power line. The varying voltage and 
frequency generated by the windmill is 
converted to the same type of electricity 
distributed by the utilities power grid. 


Modified Generators 


Generators capable of using a 
variable shaft speed to produce a con- 
stant frequency are not currentiy avail- 
able on the commercial] market. The tech- 
nology has been demonstrated, however, 
and may be available in the nert few 
years. Such generators will be of par- 
ticular use in producing power from winc 
turbines. 

Two such generator systems are: 
the field modulated generator and the 
Roesel generator. The field m culated 
system is currently being tested at 
Oklahoma State University. It uses AC 
power instead of DC power in the field 
coils of a synchronous generator. The 
output is then fed through a switching 
circuit and filtered to directly yield a 
frequency compatible with line power. 
When operable, the system will reduce the 
need for extensive grid interface devices. 

The second system, the Roesel 
generator, uses a wound, laminated stator 
made of hard maqnetizable material. On 
the stator is a magnetic imprinter which 
prints poles on the stator. The spacing 
of the poles constantly changes so that 
the output frequency is always propor- 
tional to the frequency of the current in 
the magnetic imprinter. The frequency in 
the magnetic imprinter is the same as the 
frequency of the line current, so the out- 
put of the generator can flow directly 
into the line. 

Generators of this type are suit- 
able for use with a wind turbine, but are 
not currently avaiiable off the shelf, 
though the required modifications are 
possible. Such generators are being 
manufactured by one Florida manufacturer, 
and the firm is considering the commer- 
cial production of a generator that would 
be compatible with wind turbines. Good 
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technical descriptions of batteries, ments for a given use, it is important to 


pump storage, electrolysis, inverters, consider both the peak power requirement 
and modified generators may be found in (kw) and the energy storage requirement 
sources listed in the Bibliocraphy. | (kwh). The peak power requirement is 


the maximum load that would be experienced 


APPLICATIONS | at a time when the storage system is be- 


ing used. The energy storage requirement is 
Any time electrical energy is pro- | the expected energy requirement during 
Guced on-site, some storage or integra- any one period when the battery syster 


tion device will probably be desired. - ie providing power. This can be deter- 
The two most practical and available | mined by multiplying the average power 
approaches are batteries and inverters. | vequirement of the loac by the maximur 
| expected down time (e.g. sunless or 
Batteries - windless period). 
| A storage system designed to provide 

Batteries are the only energy _ power 1008 of the time is likely to be 
storage medium presented here, for | geveral times larger than a system which 
several reasons. First, batteries are will provide power 85 to 95% of the time. 
almost universally applicable. They are | Thus, it would be advisable to use a sys- 
@ viable ttorage option in a variety of | tem designed for less than 1008 back-up. 
cases. Second, the other techniques of — Users of the system should be advised to 
energy *torage mentioned above - pumped minimize electrical consumption when 
water storage, compressed air, hydrogen, electricity is being provided from the 
and flywheels - are either not fully | storage unit. 
proven and available or are too The required size of the storage sys- 
dependent upon custom engineering work tem can be further reduced by using a 
to be recommended for broad application load switching control system. Such a 
at this tine. However, for long-term system will: 
uses, some of them may be feasible. l. Extend the life expectancy of the 

Modern indust+ial batteries will ) storage battery system by prevent- 
last as long as .- years, but deep dis- ing overcharging and overdraining. 
charge will shorten their lifetime sub- 2 Increase the utilization of on- 
Stantially. Required maintenance includ- | site energy by transferring out- 
es replenishing water and occasionally | put to alternate loads when the 
cleaning the contacts. New, sealed storage batteries are fully 
batteries may eliminate the first of | charged. 
these requirements. In order to maxi- If an alternate power source is available, 
mize the life of the battery, energy a system can be added which will switch to 
usage should be minimized during the | that source when storage battery voltage 
periods when the energy storage system is low. 
is supplying power, and energy should be | In evaluating your need for either an 


energy storage or grid integration device, 
it is important to conside; several ques-~- 


used directly from the source (by-pass- 
ing the battery) when it is available. 


In order to avoid the need for an / tions. What are the approximate frequency 
inverter, DC equipment must be used in and length of periods when your power 
conjunction with a battery storage sys- source (e.g. wind or sun) is unavailable? 
tem. Electric lights, radios, and resis- | Is 100% continuous power essential for 
tance heating elements are naturally com- your load? Is it only essential for part 
patible with DC power, but rotating of your load? As mentioned above, it is 
equipment (in electric motors) must be | advantageous to minimize your load when 
specifically selected for compatibility depending upon a storage system for power. 
with DC power. | If an energy storage system is used, 

In estimating the storage require- | the amount of energy supplied by the 
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System in a year can be estimated based «utilities commission. 
on the above information. For most sys- The cost of the integration syster 
tems there will be periods when the must be balanced against the price paid 
batteries are discharged, and the power | by the utility for power channelled into 
source is unavailable. The cost of the grid. These figures cannot be 
energy supplied by the storage system | estimated precisely. A determination 
can be seen as the cost of storage sys- that a storage or integration system is 
tem alone because the stored energy is _ needed must be based on an overall 
energy that would otherwise be wasted. | estimate of payback and on required 
levels of continuous power. 
inverters 
ECONOMICS 

Inverters are suited for use in any 
case where the local power grid is acces- Batteries currently cost about $80/ 
sible, the load is large enough to merit § kwh of capacity. If a 20 year system 
connection with the grid, and consistent | life is used as the basis of costs, this 
power is essential. Such inverters are figure rises to $107/kwh. (See Table 1.) 
currently connected to the power grid in | Table 2 presents information on inverter 
38 states. The precedent set by these | costs and efficiencies. 


applications should simplify many of the 
institutional problems associated with 
integrating a variable power source with 
the grid. 

In some states, utilities have been 
open to the use of decentralized elec- 
tric systems. This has been particular- 
ly true in public or quasi-public utili- 
ties where there is a reluctance to 
invest in new, large central power 
Stations. In many other states, utili- 
ties have been willing to permit invert- 
ers as “experimental” devices, but in 
virtually every state where cases have 
been brought to public utilities 
commissions or courts, local and state 
government agencies have required 
utilities to cooperate. Most states now 
have established rates or prices that the 
utility must pay for the power it buys. 
It must be pointed out, however, that 
unless you plan to install a very large 
on-site generator, nearly all of what 
you prodace will be used on your site so 
that the amount of electricity you sell 
to the grid is very small. 

This is particularly true with small 
wind, hydro, and photovoltaic systems. 
Cogeneration and intermediate sized hydro 
systems may be more practically inte- 
grated by selling all electricity pro- 
duced to the grid. Further information 
should be available from the state public 
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© Table 1. Costs and Efficiencies of Components for a Battery Storage Systen* 
Current Future Potential 
Cost Efficiency Cost Efficiency 
Batteries $107 /kwh 7saee $3 3-50/twh eseee 
Control 
Systcr $115/°¢** -- -- -- 
2 2 
Housing $15/ ft -- $15/fe -- 





"Costs are based on a 20 year system life. 
**Efficiencies can be increased by use of waste heat. 


*°°A system that will switch to an alternate power source when the batteries 
are discharged will cost an additiona] $1] 


Table 2. Inverter Costs and Ffficiencies 





Inverters Size Cost Efficiency Payback 














Gemini Synchronous 











Inverter 4 kw $ 780 90% ° 
2 
& kw 1,450 go% 
20 kw (3 phase) 5,500 90% 
1000 kw (3 phase) $0,000 90% 
Delta Electronic 
Inverter 10 k&® 10,000 90% ° 
300 kw 60,000 
Field Modulated 
Generator future $/kw 150 BOX ° 
Roesel Generator ] kw 2,000 7st e 
7 kw 7,000 BOR 
© "Payback costs can be calcuiatec using payback worksheet. 
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Table 1. Measures an¢ Conversions 
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Table l. 

(continued) 
Mun ey by 
centimeters of mercury 0.19% 
“entemeters per second) = *: 968 
centimeters per secona )=—- 0. 0381 
centimeters per second) =: 0.036 
centemeters per second = O06 
centimeters per second =: 0.02237 ‘ 
centimeters per second 3.728 « 10 
cutee centimeters 3531 « 10 
cubic centimeters 6.192 = 10 2 
cubic centimeters 10 6 
cubic centimeters 1 we = 10 
cubic centirme ters 2642 « 10 
cubic centimeters 10 3 
cubrc centemeters 2%93% 10 
cubrc centimeters 1057 « 10 3 
cubre feet 62 43 P 
cubic feet 2832 « 10 
cubic feet 1728 
cubic feet 0.02832 
cube feet 0 03704 
cubic feet 748) 
cubic feet 28 32 
cubic fret 59 84 
cubre feet 72332 
cubic feet per minute 4720 
cubic feet per minute 0.1247 
cubic feet per minute 0.4720 
cubic feet per munute 62 4 
cubic feet per munute 4720 
cubic feet per minute 0.1247 
cubic feet per minute 04720 
cubic feet per muenute 624 
cubic inches 63 
cubic inches 5.787 « 10% 
cubic inches 1.639 « 10° 
cubre inches 2.143 « 10° 
cubic inches 4.329 « 10° 
cubic inches 163 « 10 
cubic inches 003463 
cubre inches 001732 
cubic yards 7.646 « 10° 
cubic yards 2? 
cubic yerds 46 66 


Measures and Conversions 


Pounds per sq nich 
feet Der menute 
feet per second 
kelometers Ger Pour 
meters per rmwenute 
mules per hour 
rulrs Der menute 
cubec feet 

cubic mohes 

cub metres 

cub yards 
g@iions 

trters 

Dents fh } 

quarts thq } 
pounds of water 
cubic crm 

cubic inches 

cubic Meters 
cubtc yards 
gations 

ieters 

ornts (ig) 

quarts (iq) 

cubic cM ~=per sec 
ge'ions per sec 


ters Per second 

ibs of water per mun 
cubic om. per sec 
gelions per sec 

ters per secord 

ibs. of weet Der mun 
cubic centimeters 
cubic feet 

cubic meters 

cubic yards 

geiions 

hiters 

pints (hq ) 

Quarts (hq ) 

cubic entemeters 
cubic feet 

cubic inches 


184 


cube 


veo. 
yaros 
yar 
vara 
yards 
yon ow Tutte 
yards per menute 
yao. per rmrwenute 


degrees (angie) 
Gegrves langie! 
Oegrres lange) 
dynes 
Oy nes 
Oyres 


feet 

teet of water 

feet uf water 

feet of water 

feet of water 

feet of water 

foot pounds 

foot Mounds 

foot pounds 

foot noutds 

foot pounds 

foot -pounds 

foot pounds 

foo? pounds per men 
foo' pounds per min 
foot pounds per men 
foot pounds ger mn. 
foot founds per sec 
foot pound: per sec 


by 


0 7646 
2020 

1646 

th16 

8079 

045 

3.367 

12.74 

60 

0.01745 
3600 

1020 10° 
7233 « 10° 
2248 » 10° 


1890 » 10% 


23%0.10"' 


3.766% 10" 
12786 «10 
0 01667 

3241 « 104 
2260 x 10° 
7717 «107 
1818 « 10" 


Brith thermal unts 
Oyne cent: me ters 
vem cent meters 
pours 

kK logram calories 
kilogram meters 
ent metas 


atmospneres 

wmeohes of mercury 
gs per sq Meter 
Pounds per sq ft 
Pounds per sq inch 
British thermal uncs 
orgs 

hor se power Nours 
poules 

kilogram calories 
kilogram meters 

ki lowett Nours 

Bt units per minute 
foot Pounds per sec 
kg colores Der mun 
hk rlowetts 

Bt units per mrnute 
hor se po wer 
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Table 1. Measures and Conversions 


(continued) 

Multiply by to obte Mun pty by to obtam 
foot-pounds per sec |8=— 1 HE « 10 $ kilowatts &g. Cares Ber mn 0 72 kvlOw-arts 
horse POwer 33000 foot Pounds per mn kilometers 10 Orin ters 
horse ao wer 550 foot pounds per sec kslormpters 3261 teet 
horse Gower 1014 horse Power (metr-c! kilometers 10 meters 
hor se LOwer 10 70 kg calones per min kilometers 06214 miles 
horse Dower 0 7457 kilowatts kilometers 10936 vards 
horse Dower 7457 watts k MOwatts 5692 P Bt units per min 
horse gower (borer) 33520 Btu per hour kilowatts 4425.10 01 Pounds per m 
horsepower (borer) 3 B04 & lowatts kilowatts 7376 foot MouNcs Der se: 
horse Power Our. 2547 British thermal uots kilowatt: 134) horse Dow’ 
hor se Gower Nour s 198 « 10° toot gourds kilowatts —— kg <slores per mir 
hore Gower Nours 2684» 10° poutes kilowatt: 10 watts 
Nor w Gower No urs m1)? krlogram calories + -auvvatt Mours wis Britesh thermal units 
horse power Nour» 2737 » 10° klogram meters kilowatt Nour 2.655 » 10° foot pounds 
horse aower hours 0 7457 kilowatt Nours kilowatt -Nours 1s) horse power hours 
inches 2.540 aentimeters kilowett ours 36» 10° youles 
mches 10° mils kilowatt ours 8605 & logram calories 
inches 03 var as an pe hours 3671 « 10° k logram meters 
inches of mercury 003342 atmospheres we 2 303 log, N or in N 
mches of Mercury 1133 feet of water log Nor in N 04343 ©9106 N 
mnches of Mercury M5 3 kgs Der sq Meter meters 12 centimeters 
inches of mercury 70.73 founds per sq ft meters 3.27808 feet 
mnches of mercury 0 491? Pounds per sq in meters 3} mnches 
inches of water 0 002458 at no spheres waters 10, kilometers 
mnches of water 007355 mches of Mercury meters 10 mi llerneters 
inches of water 25 40 kgs Ger sq meter meters 10936 vards 
mcnes of water 05781 Ounces per sq on fies 1609 « 10 aentimeters 
inches of water 5 204 pounds per sq ft mules 5280 feet 
inches of water 0.03613 pounds ger sq in — 1.6093 kilometers 
blograrn 989 605 dynes mules 1760 verds 
k tograrns 10 grams rules 1900 8 wares 
kilograrns 7093 poundels mules ger hour 4470 @entemeters per wc 
bk hogarms 2 2046 pounds miles per how Be feet pe m™ wte 
kulngr arms 1102. 10° tons (short) mules Ger hour 1 467 feet per second 
blog am calories 3968 British therme! unnts mules ger Nour 1.6093 kilometers per hour 
b logram-catorres 3086 foot founds mules per hour O 8684 knots per hour 
blog am-catn res 1558 «10 3 horse power hours mules per hour 26.82 meters per minute 
kilogam-catorres 4183 poules mules per hour per sec 44.70 crm. Ger SOC. Der ac 
kilogram calories 4266 kilogram meters mules per hour per sec 1 467 f. per sec per sec. 
blogram- calories 1162» 10° kilowatt ours rules per Nour per sc 1 6083 kms. per ty. per sec 
kg.calones per mun = 61.43 foot founds per wc rules per hour per sec 0.4470 M. per sec. per sec 
kg.colones per mn 0.0935! hor se fo weer — 342 Gos 

month« 7D hours 

185 
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Table 1. Measures and Conversions 

(continued) 
Muttephy by © obtan Muniply by ® obtem 
months 43,200 monutes square tose 3587 «x 10° square mites 
months 2.628 « 10° seconds suave (eet 1296 square wres 
Ounce: 6 aan square beet 18 square yards 
ounces 4375 gens square wetes 1.273 « 10° creu'a mts 
Ounces 2s em square nches 6 452 SQUmE CEM meters 
Ounces 0675 Bo. Ws square inches 6944 « 10° muere fee: 
Ounces per square inch 0.0625 Bounds or sq wnch square inches 10° square mils 
punts (dry) 33.60 Qubic mches square inches 6452 sQuare Millometers 
pets (hg! 788) cubec nc hes square mies 640 eces 
pounds 444826 dynes square mite 27.88 « 10° square feet 
pounds 7000 vers sQuare Mites 2599 sQue@e & lometers 
Pounds 4536 erm square Miles 3.613040 muere vores 
pounds 16 ounces square Miles 3098 « 10 sume yards 
Pounds 32.1? Bounde's square yarus 2066 « 10 aces 
gounds of weter 0.01602 cube feet squere yards 9 suere feet 
pounds of weter 27 & qubic mches square yards 08361 sQuere Meters 
pounds of weter 0.1198 4 geitons sQuare yards 3.2278 « 10 square mies 
pounds of weter per mn. 2668 « 10 cubrc feet per wc square yards 1.1664 sQuere vores 
Pounds per cub c foot 00182 gers oe cub om temp. idegs C) +178 18 term (degs. Fer) 
founds ger cubic foot 16.02 4 kgs per cubc meter temp. idegs F)- 22 5/9 temp. idegs. Cent) 
pounds per cubic fant 5.787 « 10, Pounds per cubic tons (tong) 2240 pounds 
Pounds per cubic foot 5 456 10 Pounds per ml foot sons teho-t! 2000 pounds 
Pounds per square foot 001@?2 feet of water yards 9144 meters 
founds ger square foot 4882 kgs Der sq Meter 
founds per square foot 6944. 10° Gounds per sq wNch 
founds per square inch 0 06804 atmo sper es 
Pounds per square inch 2») feet of wate 
Pounds per square inch 20% wmnches of mercury 
Pounds per square inch 703.1 kgs per sq Meter 
Pounds per square inch 144 founds per sc foot 
querts n fiued Ounces 
quarts Igy) 67 2 cure inches 
quarts (hqud 57.75 cubic inches 
rods 165 feet 
square centimeters 1B73« 10° croutler mls 
sQuere centimeters 1076 «10° squere feet 
square © otimeters 0 a square inches 
square ce vtemeters 10 square Meters 
SQuere centimeters 100 square millimeters 
square feet 2.296% 10° ocr es 
square feet 9290 sQuare centimeters 
squere feet 144 sQuaere inches 
squme feet 0 09790 meme meters 
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Table 2. Energy Equivalents 
ENERGY EQUIVALENTS Com ow meng us Devterum 
(tone) (wet: ws (ft is) ig) 
9 Gfecem baw 116%10* 588% 10% 341 4%x0” 151% 10° 
1 joule is 323110"' 163x100 10° 120%10"' «21210? 
1 coterie aunt 13210 684%10°° 397210 sezx10"' 176.10"' 
1 wort you 102 «107 516x110" D 380 « 10% 133%10"" 
1 Sw 341210 1472210" 10° 178,10" «444510° 
1 owotrk 
saat (10° ol ' 5 294%10° 037 013 
1 Gerre! of 
(42 gat 02 ' 5800 007 0026 
i} 
1 cube foot 45 4 5 4 
newrel gms a 341 10 1.72» 10 1 127x190” 444% 10 
1 gem u*™ - 2? 135 784% 10° ' 35 
1 grom devise ium 1? » 2.25 10° 29 ' 
nw ‘ os Wye Btu 
1 ttower how equels ' 300:10° s60.%° O14 3410 
1 joule equats 278% 10" ' 02% 317%10% 948.104 
1 estore eque's 116% 10° ae ' 133%10° 397.107 
1 wonyenr equate 877 316% 10" 754% 10° ' 299 » 10° 
1 Ow equets 293 10% 1054 252 321 «10° ' 
l woee 
aa tte@ yields 8@00 310%10'° 740510" 9s) 29310’ 
1 tard of 
(42 gat) yields 1700 612510 146% 10° 194 $80 x 10° 
+ euibtc foot 
roteral ges yields 02 10510 252%10° 0033 1000 
1 gon u"™ yiotde 23.10 8278.10"? 1 :o8.10'° 260 184% 10" 
1 grem deuterium yietds oeo.10* 23%80'' sep. 753500? 225510" 
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Table 1 


SPECIFIC ENERGY USE CHART 




















(A) (B) (c) (D) : (E) 
Appliance/Machine Avg. Watts Hrs. Used/mo kwh/mo kwh/yr 
XAMPLE: Air Cond. 860 150 129 387 
(3 mos) 
Total 























Steps for completing table l. 


Step 1: In column A, list each appliance/machine for which a proposed on- 
site generation system will supply power at your park, refuge or hatchery. 


Step 2: From table 2, determine the average watts required for each item 
listed in column A and write in column B. For those appliances/machines not 
listed in table 2, read from manufacturer's label on the appliance/machine. 


Step 3: Estimate the number of hours the appliance/machine will be opera- 
ting each month and write the number in colum C. 


Step 4: Multiply the figure in column B by the figure in colum C and 
divide by 1,000 to convert to kilowatt hours per month, and write in colum D. 


Step 5: Multiply the figure in column D by the number of months per year 
the equipment is expected to be used and write the answer in colum E. 


The total in colum B is the peak power that would be drawn at any time 
all the items listed in colum A were on and operating. If the on-site gen- 
erator is expected to furnish enough power to operate all the equipment at 
one time, it would have to be sized to handle not only the peak power of the 


items listed above, but would have to produce enough power to cover transmission 


line and control system losses. 
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KILOWATT RATINGS OF APPLIANCES 


Narre Waits 
At CONG Hone. Central 

Av cona:tone andow 1566 
Battery charger 

Biawet 190 
Banter 50 200 
Biende: 350 
bortie steriwzer 500 
Bote warmer $00 
Bove 14% 
Crock 110 
Clothes Ore 4600 


Clothes washer ringer 275 
Choppers 40 60 
Coftee meter 800 
Cottee mater toe a daw 

Cottee percolstor 30) 600 
CU tee pot a94 
Coaieng. atte tan 1/6 WaHP 
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Corn popger 460 650 
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Deru: ter 300 500 

OD shwasner 1200 

Ors apne: 1200 
Osmo! 375 
Drsposs! 445 

Dre! elect, 4" 750 
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Electeocute imsect $2750 
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ta 8 16 % 210 


4 
80 


3 


HrsMo KWHRS Mo 


620° 
16" 
b iad 
5 
5% 
7 
5 
3 
65 
14° 
92°? 
86°" 
6°" 
65° 


Lawnrmonwe: 

Lgrteng 

i ohts 6 rOoOm ho Ke 
"ant 

Ligh? bulb 75 
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Wiser 

Mieer fond 

Mowe pr cmyector 
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Ov Burner 

Ov Burner 
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20 TOM 
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0 6 2 
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450 44 20°? 
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4 
100 300 515° 
40 1 510° 
8500 1600 100 1509 
mo 
75 100 1s 
60 sO hd 
SO 50 7s° 
1") 10 ” 
200 300 2 x» 
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200 *50 x» 
376 790 9° 
WO §00 180° 
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1400 »” 42° 
300 1400 2.10 
30 100 “2 
100 10 ’ 
12 7/10 
1000 1350 5 20 
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400 10 4 
279 54 's 


/7O @ 


POAT ar 


BESET 


oo ei ee ae + 7 
VU Shad i | OS . 
* 
Sheep he a ong trac teona) 1% per 100 sheep 
to uM™oader >See 48 we ton” 
Silage comweyer 13 1 4 ger ton” 
Sim tank heat 200 1500 watts wares wlety 
Yard lahts 100 500 zatts WO ger mo 
Vent ator 'H! 3H 26 goer Gay"? 
oer 20 cows 
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Vie cooling “SP 1 per 100 is mk” 
Space heater 1000 3000 800 per year 
Ventdateng tan trac teonat 10 25 oer mo *t 
Water heater 1900 5000 1 per 4 gat 
FOR POULTRY 
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B oader 290 1000 watts % 1% per chuck 
grr season 
Bugis alarm 10. 60 watts 2 per mo * 
Debest er 200-500 watts | per 3hrs 
Egg cttanng 
or wash ng tractors! HPs per 2000 aggs*t 
Fag cooling 1/6 HP 1 oer case" 
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per 1000 beds 
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Ori! press 16.1 HP % oer hr *t 
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1/4~1/9 MP per 3h *t 
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APPENDIZ C 


To calculate the cost payback period for any on-site generation sys*em 
you may wish to install, use Table 1, with the following steps. 


Step 1: List the new on-site generation system you plan to install i.. 
column A. 


Step 2: In colum B, list the total expecte”. cost of the equipment, 
including installation and start-up fees. 


Step 3: In colum C, list the difference in operation and maintenance costs 
expected per year, if any. The old system may have required heavy mainte- 
nance, on @ gaily or weekly basis, and a great deal of downtime for replace 
ment of parts. The new system may require once a month lubrication or peri- 
odic inspections, therefore, the difference may be a negative number. 


Step 4: In colum D, list the amount of conventional fuel you have 
Gisplaced by utilizing the new on-site generation system. Electricity in 
kilowatt hours, oil or gasoline in gallons, natural gas in cubic feet, and 
coal in tons or pounds. 


Step 5: In colum E, list the price per unit of the fuel displaced. 


Step 6: For colum F, multiply the figure in column E by the figure 
in column D and add the figure from colum Cc. 


Step 7: To compute the simple payback period (colum G) divide the 
figure in column B by the figure in colum F. 


Step 8: To compute the payback period when considering an inflation 
rate, such as the current local inflation rate, use Table 2, and put 
the final figure in colum H. 
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A os Cc D E F 
—_ (3) ($) | ($s) ($; (YRS) (¥=5) 

NEW ITEM CosT | DIFF. InN CO. AMT. OF FOSSIL | €osT FIRST PAYBACY PAYSACK 
INSTALL O & MAINT. COST FUEL DISPLACED PER YEAR PERIOD, PERIOD, 
{InVEST.) (If ANY) /YR kwii, gai, or lbs. UNIT SAVINGS ZERO INFL. Loc. INFL. 

Solar Hot 

Water 1,750 0.0 7995 kwh 0.06 239.70 7.3 5.7 (SAMPLE) 

Yeater 
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Table 2 
Year Amount Saved Per Year Total Paid Back Per Year 
] ST ad "ts 
> F, - Fs x (1 + I) T, . T + F, 
3 F; . F, x (1 ¢ JI) T; = T, + F, 
F F x (1 +7) T =f + F 
n n= ] n n-] n 





To compute the payback period with the current local rate of inflation, use 

the first year savings found in column F of Table 1. For year one in Table 2, 

the figure from column F is the amount saved for the first year. For year two, 

F. is multiplied by 1 + I, where I is the local inflation rate. If, for instance, 
your inflation rate is 8%, then 1 ¢ I is 1.08. If your current rate of in- 
flation is 10%, the 1 + I is 1.10. 


Using the example of the solar hot water heater shown in Table 1, what is 
the payback period with a local rate of inflation of 10%? There is no expected 
difference in operation and maintenance costs, therefore there is a zero in 
column C. Electricity is high in this area, costing $0.06/ kwh. The first year 
Savings is, therefore, 3995kwh x $0.06/kwh, or 239.70 as found in column F. 

The simple payback period is then B/F or 1750/239.70 = 7.3 years. The payback 
period with the 10% inflation is computed as follows, using the format in 
Table 2. 











Yeer Amount Saved Per Year Cumulative Payback (figured annually) 
1 F = 239.70 T = 239.70 
> F, = 239.70 x 1.1 = 263.67 T, = 239.70 + 263.67 = 503.37 
3 F, = 263.67 x 1.1 = 290.04 T, = 503.37 + 290.04 = 793.41 
4 Fy = 290.04 x 1.1 = 319.04 T, = 793.41 + 319.04 = 1112.45 
5 F. = 319.04 x 1.1 = 350.94 T. = 1112.45 + 350.94 = 1463.39 
6 F = 350.94 x 1.1 = 386.03 rT. = 1463.39 = 386.03 = 1849.42 
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Therefore, the payback period is between 5 and 6 years. To find out how much 
more than 5 years would be required, subtract the installed cost from the 6 year 
total, $1,849.40 - $1,750.00 = $99.40. Divide that figure by the 6th year cost, 
$99.40/$386.03 = 0.257, or 0.3. Now subtract the 0.3 from 6 and you get 5.7 
years, or 5S years and 8.4 months. 
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ACID-FORMING BACTERIA - Bacteria which release organic acids as waste products 
of their metabolic activity. 


ACTIVATED CHARCOAL - Highly absorptive carbon manufactured chiefly as a purifying 
agent. 


ACTIVE SOLAR SYSTEM - A solar heating or cooling system that requires external 
mechanical power to move or regulate the collected heat. 


ALDEHYDES - Any of a family of organic compounds characterized by the combina- 
tion of carbon, hydrogen and oxygen. 


ALGAE - Usually small but visible one or more celled photosynthetic plants that 
live in water or a very damp environment. Large salt water algae are 
called seaweeds. 


ALGAE/SEWAGE SYSTEM - Sewage treatment system that uses algae which are 
Simultaneously cultivated as an energy crop. The retention time and 
pond dimensions for this system differ from those necessary for simple 
algae sewage treatment. 


ANNUAL PLANTS - Plants that do not live from one growing season to the next and 
must be regrown from seed each year. 


ASHRAE - American Society of Heating, Refrigerating and Air Conditioning Engineers. 





AQUACULTURE - The culture of plants and animals in fresh water for human and 
animal foods. 


BIOCONVERSION - Conversion of a form of energy not directly serviceable to man 
to one that will service his particular needs by living systems. Examples: 
processing of organic wastes into methane and other gasses by bacteria; 
storing solar energy in chemical form by “energy crops.” 


BIOFUELS - Fuels derived from living or recently living plant materials. 
Examples: wood, methane from sludge, alcohol from distillation. 


LIOGAS - Gas generated by anaerobic digestion of organic wastes. 


BIOMASS - Collective term that includes all plant material, from bacteria to 
trees, living or recently living. 


BTU ~- British Thermal Unit, a measure of energy, equal to the amount of heat 
required to raise ] lb. of water 1° F, at 50° F. 


CATALYST - A substance (possible inert) that by chemical or physical action 
increases the rate of a chemical reaction without becoming part of the 
products. 
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CATALYTIC I-YDROGENATION OF CO - Addition of hydrogen to carbon monoxide to yield 
methane (and water). 


CELLULOSE - A relatively tough and rigid substance whici constitutes the walls 
of plant cells. 


CENTRIFUGAL COMPRESSOR - Compressor which takes in air at the center of a 
bladed impeller. Centrifugal force of blades revolving at high speed 
moves the air out toward the margin, where slowing action pressurizes the 
air. 


CHAR - Charcoal, a black porous carbon prepared by burning plant or animal 
sources in the absence of oxyqn. 


CHEMICAL PRECIPITATION - Chemical precipitation of phosphates and nitrates 
constitutes the 3rd stage of sewage treatment. Substances are added to 
waste water which form insoluble compounds with phosphate and nitrate 
ions; the resulting precipitate falls to the bottom of the pond and the 
remaining fluid fraction can be filtered off. 


CLONE - To grow multiple living individual organisms from a small sample of 
adult non-reproductive tissue rather than from germ cells. 


COGENERATION - The use of waste energy from one energy-using process to drive 
another; the use of an energy-yielding process to power two or more 
energy-using subsystems. 


COKE - Solid residue of coal left after destructive distillation, also used as 
fuel. 


COMPRESSED AIR STORAGE - Use of surplus energy to run air compressor; compressed 
air is then stored in underground sealable caverns and released later to 
run low-pressure turbines or piston engines. Relatively low efficiency. 


CREOSOTE - An oily brown or black liquid with a burning taste and penetrating 
odor, obtained by the distillation of wood tar. 


DESTRUCTIVE DISTILLATION - Low-temperature pyrolysis of organic matter. 


DIGESTER (methane) - Insulated, airtight container that mimics and hastens 
the natural anaerobic prowess of decay with the aid of bacteria. Makes 
possible the collection of concentrated combustible gasses as well as 
other useful products. 


DISTILLATION - A process of evaporation and subsequent condensation of a 
liguid. 


EFFICIENCY - Ratio of output to input (0/1) where output is the useful work 


performed and input is the energy used to operate the system. The 
higher the ratio, the more efficient the process under consideration. 
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ELECTROLYSIS - An electric current passing through a solution collects positive © 
ions at the cathode, negative ions at the anode, which yield pure substances. 
Electrolysis of water yields hydrogen and oxygen gasses; electrolysis of 
hydrochloric acid yields hydrogen and chlorine. etc. 


ELECIROSYNTHESIS - Reaction producing a new compound as a result of electric 
current passing through mixture of substances that would not otherwise 
react under the prevailing conditions. 


ENERGY - The capacity for doing work. Different forms may be transformed from 
one type to another, such as thermal (heat), mechanical, electrical, 
chemical, graviational, radiant, nuclear. 


LNTHALPY - Enthalpy is the sum of the internal energy of a system plus the 
system's volume multiplied by the pressure exerted on the system by its 
surroundings. 


FEEDSTOCK - Biological resources which can be harvested for conversion to enercy 
forms suitable for human use. 


FLASH SEPARATION - Refers to technique for separating the different liquid 
products produced by pyrolysis; in this case, distillation, by rapidly 
reducing the pressure on the liquids. 


FLUIDIZED BED - A body of finely crushed particles mixed with a gas and blown 
into a furnace so that the whole behaves as a turbulent liquid, thus 
promoting combustion or chemical reactions. ©} 


FLYWHEEL - A heavy whee) which moderates fluctuations of speed by its 
inertia. 


FORMATES - Salts of formic acid. 


GAS ENTRAINMENT - A process by which finely ground or chopped material is 
carried into a furnace, etc. by a moving stream of gas. 


GASIFICATION - Conversion of certain solids, such as coal to gas. 


GRID INTEGRATION - Connecting on-site generators and power-consuming systems 
with the local electric utility's system of generators, transformers, 
cables, etc. (called the electric grid) so that they function as if they 
were specialized parts of the grid. 


HEADER - The pipe that gathers the heat transfer fluid in a collector. It 
maintains equal flow rates and pressure. 


)EADRACE - The channel through which the headwater (water entering a turbine) 
flows from behind a damn or from a lake to the turbine. 


HEAT EXCHANGER - A device, such as a coiled copper tube immersed in a tank of 
water, that transfers heat from one medium to another. 





200 








HECTARE - One hectare is 10,000 square meters or 2.471 acres. 


HYDROCARBONS - Molecules composed of hydrogen and carbon only, in varying propor- 
tions. They are usually derived from formerly living materials and are 
readily burned to yield energy for human use. 


HYDROELECTRIC ENERGY GENERATION - Production of electric power by a turbine 
generator turned by falling water. 


HYDROGEN STORAGE - Surplus electric current is used to electrolyze water into 
its components, hydrogen and oxygen; the hydrogen is then burned as a simple 
fuel or stored in tanks for future use. 


HYDROLYSIS - A method used to break down organic wastes into sugar, which can be 
converted to alcohol (ethanol). In the initial breakdown, either acids 
(acid hydrolysis) or efizymes (enzymatic hydrolysis) are used. 


IMPULSE TURBINE - Composed of vertical wheels that use the kinetic energy of a 
jet of water to strike buckets or blades, turning tie wheel, 


INSOLATION - The total amount of solar energy that a surface receives. 


INTEGRATION DEVICE - Equipment which aliows locally produced (on-site) 
“lectricity to be connected to the utility grid. 


INTERT. DAL - The part of the coastal region or seashore above the low 
tide mark. 


INVERTERS - Device for converting direct current (DC) into alternating current 
(AC) by mechanical or electronic means. 


KINETIC ENERGY - Energy associated with motion. 


LAGOON - A large, usually shallow open pond in which sewage is treated by 
biological processes. 


LIBERATION CUTTING - Cutting old, diseased or undesirable plants in an area of 
young growth in order to reduce competition and give the new plants freedom 
to develop. 


LIGNIN - An amorphous substance related to cellulose that with cellulose forms 
the woody cell walls of plants and the cementing substance between then, 


MARICULTURE - Cultivation of marine (salt-water) species of plants and animals 
for human use. 


MARSH GAS - Methane, CH. generated by spontaneous anaerobic digestion of decaying 
organic matter in swamps. It rises to the surface of swamp water and some- 
times ignites, causing “will-o-the-wisps.” 


METHANE - A highly combustible gas, CHg. Colorless, odorless, and tasteless. 
Stove gas. 
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METHANOGENS - Bacteria that release methane as a waste product of its metabolic 
activity. 


METHANOL - Wood alcohol, CH,OH. A combustible fuel. 
MOLE (Biomass) - Molecular weight: gram molecule. 


MULCH - Any lightweight, friable, relatively inert substance, such as paper, 
small wood chips, or hay, that can be spread over the soil around plant 
stems to prevent evaporation, inhibit weed growth, and obstruct pests. 


NAPTHA - Mixture of volatile, often flammable hydrocarbons used chiefly as 
solvent. 


WO, or SO, - Different combinations of oxygen atoms with either niirogen or 
sulfur atoms. X= 2, 3, etc. Could be toxic. 


NUTRIENT BALANCE - A set of nutrients in the right proportion for a given 
Organism is said to be in balance. 


ORGANIC MOLECULE - A molecule containing carbon compounds, relating to or 
Gerived from living organisms. The chemical behavior of organic compounds 
is generally distinct from that of inorganic compounds, substances that do 
not exhibit carbon bonding. 


PASSIVE SOLAR TECHNOLOGY - The technical knowledge of how to design solar 
heating or cooling systems using no external mechanical power to move the 
collected solar heat. Passive systems are chiefly a matter of architec- 
ture; orientation and spatial relations of building parts. 


PAYBACK - Benefits returned by 4 newly-installed system. Simple payback is 
calculated by dividing the initial investment by the first year's expected 
savings. 


PEAK POWER REQUIREMENT - The maximum demand that a power generating system may 
need to fill at any one time. When all of the possible appliances/machines 
connected to the system are on and operating under maximum load. 


PENSTOCK - A conduit or pipe through which water flows to a turbine. 


p4 - The negative logarithm of the effective hydrogen-ion concentration or hydro- 
gen -ion activity in gram equivalents per liter used in expressing both 
acidity and alkalinity on a scale of 0 to 14. Seven (7) represents neutral- 
ity, numbers less than 7 increasing acidity, and numbers greater than 7 
increasing alkalinity. 


PHOTOSYNTHESIS - The synthesis or building of glucose from carbon dioxide and 
water by specialized structures and substances in the cells of green plants. 


PHOTOVOLTAIC CELL - Semi-conductor devices that convert solar energy to 
electricity. 


202 

















POTENTIAL ENERI;7¥ - The energy that a piece of matter has due to its position or 
because cf the arrangement of parts. 


PUMPED WATER STORAGE - Surplus energy generated by wind, bioconversion, etc. 
is used to pump water to a higher level where it is stored (usually 
behind a dam), as potential energy. 


PUMP STORAGE - Using surplus energy to run a pump which then moves some gas 
or liquid into a place where it will have considerable potential energy 
due to either its pressure or its elevation. 


PYROLYSIS - Chemical change brought about through the action of heat. 


REACTION TURBINE - Reaction turbines run submerged, with a draft tube and 
@ continuous colum of water fram head race to tail race. 


RECYCLE - To convert material usually designated as waste into a useful 
product, thus beginning a new cycle for human use. 


REGENERATIVE PRODUCTION - A method of production that yields not only a 
product to be consumed but a new supply of the original materials and 
a new beginning of the original process. 


RENEWABLE ENERGY TECHNOLOGY - The application of scientific knowledge to the 
use of energy sources that are unlikely to be exhausted in the near future, 
such as, solar radiation, photosynthesis and its products and by-products, 
wind, waves, tides, falling water, and geothermal heat. 


RESISTANCE HEATING ELEMENT - A wire or group of wires that resist the passage 
of electric current thereby generating heat. 


RETROFIT - The modification of a system to affect favorable energy consumption 
characteristics. 


REVERSION COMPOUNDS - The chemical] compounds used to produce a chemical reaction 
will revert to their original form if the proportion of reactants to 
products is not kept sufficiently high. A reversion compound can be pro- 


duced when the desired reaction stops and the reaction process runs backwards. 


SECONDARY CELL - Cell that can be recharged by reversing chemical action with 
electric current. 


SEMICONDUCTOR - One of a class of solids whose electrical conductivity is between 
that of a conductor and that of an insulator, since its conductivity is 
nearly metallic at high temperatures and nearly absent at low temperatures. 


SHIFT CONVERTER - In the conversion of coal to methane, a chamber where the 
ratio of hydrogen to carbon monoxide is altered to 3:1 using a catalyst. 


SI,..4GE - Fodder converted into succulent feed for livestock through anaerobic 
acid fermentation. 
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SILICON - A tetravalent nommetallic element that occurs combined as the second 
most abundant element in the earth's crust. It's a semiconductor. 


SILVICULTURE - Cultivation of woodlands and forests for human use. 


SLUDGE - Precipitated solid matter resulting from water sewage treatment 
processes. The solid portion of sewage. 


SLUICE GATE - An artificial passage for water fitted with a gate for stopping 
or regulating flow. 


SLURRY - A mixture of water and organic wastes, the raw material initially fed 
into a methane digester. 


SMACNA - Sheet Metal and Air Conditioning Contrectors Nationel Association. 


SOLAR ELECTRIC - Process by which solar radiation is converted directly to 
electricity (See Photovoltaics.) 


SOLAR THERMAL - Process by which the sun's radiation is converted into heat. 
SORGHUM - A grain-yielding plant cultivated for its sugar content. 


STABILIZATION POND - A large open holding pond in which bacteria grow, using 
nutrients in the water for their own vital processes, reducing nitrates 


and phosphates from sewage. © 
STACK EMISSIONS - Waste gasses discharged into the atmosphere through smokestacks. 


SWITCHING CIRCUIT - Any circuit which can be used to disconnect (or temporarily 
connect) power. 


SYNGAS - Synthetic gas. Yields less energy than equivalent volume of natural 
gas, but can be further processed for higher yield. 


TAIL RACE - The channel through which the tailwater (water that has passed 
through a turbine) is removed from the turbine. 


TAR - Mixture of various hydrocarbon compounds, the by-product of destructive 
distillation. 


TERTIARY WASTE (SEWAGE) TREATMENT - The third stage of sewage treatment 
process. Phosphates and nitrates are largely removed from water by 
precipitation, or, more recently, by stabilization pond algae. 


THERMAL DECOMPOSITION - Breakdown of larger compounds into smaller ones through 
the disruptive action of heat. 
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© THYRISTOR - One of a family of semi-conductor devices having turn-on characteris- 
tics that can be externally controlled by either current or voltage. 


TONNE - The English spelling for ton, the English ton is 2,240 lbs. versus the 
U.S. ton of 2,000 lbs. 


UPWELLING - The flowing upwards of warmer waters from a spring or well in the 
floor of a body of water. 
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Active solar systems, 52, 76-79 
Aeration, 15 


Agriculture, 59 
composting, 91 


crop production, 88, 89 
energy plantations, 66, 89 


greenhouse, 52,58 
residue (waste), 91-2 


Algae, 87, 90, 95, 110 

Anaerobic digestion, 95-6, 107-120 
Anemometers, 17 

Appliance energy ratings, 186-9 


Aquaculture, 36, 87 
solar heat collectors, $6, 59 


yields, 67 
ASHRPAE, 57, 63. 73 
Axial flow, 35 


Batteries, 170, 171, 
marine, 12 


107, 


172 


108, 111-4 
conversion, 113 
Bottoming cycles, 147-9 
Breast wheels, 31, 33 
Charcoal, 96, 100 
Cogeneration, 130, 147-152 


Combustion, 123-137 
colid waste, 123-128 
wood, 128-137 


Composting, 91 
Conversion factors, 66-71, 179-183 


Biogas, 


Bicmass, 


Creosote, 132 

Cross wind rotor, 12 

Darrieus wind rotor, 11, 12 
Digesters (See Methane Digesters) 
Distillation, destructive, 96-7 
Electricity, 126, 150-2 
Electrolysis, 31, 37, 168 
Energy, mechanical, 14 
Fermentation, 109, 111 
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Fertilizer, 95, 110, 132, 133 
Fireplaces, 128 

circulating, 131 

Franklin, 126, 130, i131 


masonry, 130, 131 
metal, 130, 131 


Flow, stream, 40, 41, 44 
usable, 40-4} 


Flywheels, 12, 168 

Franklin stove, 128, 130, 131 
Fungi, 133 

Gasification, 98-100 


Generator, field modulated, 169 
Roesel, 169 


Grandpa's knob, 9 


Greenhouse, solar, 52, 58 
Headwater, 33, % 

Head, water 29, 31, 40, 4) 
Heat 


exchangers, 55, 56, 77, 149 
generation, 152 


recovery, 125, 126 
Hyacinths, 67 
Hybrid systems, 29 
Hydraulic rams, 30 
Hydrogenation, catalytic, %, 101-4 
My@rologic cycle, 29 


Hydrolysis 
acid, 100-1 
enzyme, 100-1, 109 


Hydropower (See Water) 
Incineration, 123-4, 128 
Infiltration, 75-6 

Insolation, solar, 63, 64, 65-6 
Insulation, 56 


Integrated systems 
grid, 168 


Inverters, 1686-9, 171, 172 
line comutated, 169 
synchronous, 22, 169 




















Lagoon, 115 

Lignin, 107 

Largi syste, 99 
Mariculture, 90-1 
Methane, 95, 107, 110 


Methane digesters, 110, 117, 119 
batch load, 107, 108, 114 
continuous loaded, 107, 108, 114 
temperature, 110 


Methane resources 
egricultural residues, 115, 119 


Methanol, 97, 101, 102 
from wood wastes, 97 
pro@uction, 102 


Hegative appliance, 38 
Norzle, 32, M, 
Oscillation, 10 

Passive solar systems, 52 
Peak Gemand periods, 2° 
Penstock, }) 
Photosynthesis, 51, 90 


economics, 161-2 
history, 157-6 


Plants 
annuals, 68 


perennials, 88 
Polders, Beemster, & Scherrer, 6 
Purox system, 98-9, 10) 


Pyrolysis, %, 97-8 
flashing, 98 
fiuidized bed, 97 


Rock bed, 55, 61, 65 

Runner, 32, 4, 35 

Run-of-river, 32, 37 

R-value, 7) 

Savonius rotor wind turbines, 11, 12 


Secondary celis, 167 


Semiconductors, 156 
Sewage, 87, 107, 114 
Silicon solar cells, 158 
Silviculture, 90 
Sludge, 109, 111 
Slurry, 95, 110 

SMACMA, 57, 65, 66-71 
Smith-Putnam machine, 9 


Solar 

buildings, 61 

collector efficiency, 62-3 

collectors, concentrating, 54 

collectors, flat plate, 54, 59 

collectors, focusing, 51 

collectors, high temperature, 59 

collectors, low temperature, 59 

collectors, medium temperature, 59 

controls, %é, 77 

ecommics, 76-79 

heat gain, 60 

heat transfer fluids, 53, 54-5, %é 

history, S1-2 

photovoltaics, $51, 157-162 

pumps, 55, 77 

radiation, 160 

safety, 61 

silicon cells, 158 

site design, 60 

sizing, 57, 63, 65-76 

space heating, 52, 53, 59, 63, 77, 
78-9 

storage tanks, 55-6, 61, 65 

temperature controllers, 62-) 

thermal, 51-79 

water heaters, 52, 53, 586-9, 65, 
78-9 


Space heating, solar, 52, 53, 59, 63, 
77 


Steam, i26-7 


Storage systems, 29, 37, 55-6, 61, 65, 
77, 149, 167-6 


Stoves, 130 

Stream flow, 12 

Syngas, 97, 100, 101-2, Lil 
Tertiary treatment, 67 














Thermal stratification, 55 


Thermograte, 130 
Tilt angle, 62, 63, “4, 67-71, 159 


Topping cycles, 147-9 
Translation, 10 
Transmission, 13, 72-75 


Trees 
coniferous, 88 
deciduous, 61, 88 


Turbines (See Water and Wind Turbines) 


Waste 
industrial, 88 
organic, 86, 107, 114, 115 
solid, 67-6, 97, 107, 123-8 
treatment, 120 


Water 
head, 29, 31, 40, 41 
hydroelectric, 30, 37, 39 
power, 29-46 
sluices, 33 
storage, water, 167 

compressed air, 168 

tail, 33, M, 35, % 
weirs, 4) 


Waterwall incinerators, 124 


Waterwheels, 30, 31, 39 
breast wheel, 31, 33 
overshot wheel, 31, 33 
Pelton wheel, 32, 4, % 
Poncelet, 33 
tubwheel, 31 
undershot wheel, 30, 33 


Water turbines, 31, 32, 39 
adjustable, 4 
Banki, a 
bulb type, #4, 35 
fined-blade, 6, 35 
Francis, 32, 35, ™% 
impulse, 32, M 
Kaplan, 32, M, M% 
Michell, %& 

Nagler, 32, M, 35 
reaction, 32, M 
storage, 39, 37 


Weir (See Water, weir) 
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Wind 
convection currents, 20 
G@rag devices, 10 
easterlies, 7 
energy, 7 
equatorial Goldrums, 7 
generator, 10, 39 
history, 7-10 
interference, 14 
lift devices, 10 
machines, 7 
lewis, ? 
horizontal axis, 8, 12 
vertical axis, 8, 12 
ratei speed, 19, 20 
ricocheting, 15 
trade, 7 
tunneling effects, 14 
westerlies, 7 


Wind energy conversion systems (WECS), 9 


Windmilis, 9 
rotational conversion, 10 


Wind systems 
blades, 12 
indigenous materials, 14 
power coefficient, 18 
power density Guration curve, 17 


Wind turbines, 9, 19, 169 


Wood, 89-90, 96, 127, 133, 1% 
green wood, 132-3, 1% 
softwood, 132 


Wood heaters, 131, 132 
circulating, 130 
efficiency, 134 
furnace, 130 
metal, 130, i131 
safety, 133 
stove, 130 
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